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VARIABLE FORMATTING OF DIGITAL DATA INTO A PATTERN 



5 Copyright Notice 

A portion of the disclosure of this patent document contains material which is subject to copyright 
protection. The copyright owner has no objection to the facsimile reproduction by anyone of the patent 
disclosure, as it appears in the Patent and Trademark Office patent files or records, but otherwise reserves all 
copyright rights whatsoever. 

10 

Background of the Invention: 

This invention relates to the formatting of digital data into a pattern, encoding that pattern onto a 
substrate where appropriate, and decoding that pattern to reconstruct the digital data. 

While computers have substantially enhanced the manner in which society conveys and works with 
15 information, paper remains the favored manner of conveying information. Indeed, the proliferation of 
personal computers has resulted in a proliferation of paper. Yet, no technology to date has significantly 
integrated the digital environment of the computer with the visual environment of written media. Instead, 
computers primarily direct human readable information to be placed on paper. 

It would be greatly advantageous to have digital data placed on paper and other media currently 
20 used for human readable information. Such a method would link the largely separate environments of paper 
and computers. The method could store and convey digital data with greater efficiency, ease, speed, and 
lesser cost than any other available method. The method would have the further advantage of being the only 
significant method to integrate digital data with visual media. 

As described below, the prior art discloses methods for placing machine readable information on 
25 media such as paper. However, none of these prior art methods, and, to the best of the inventors* knowledge, 
no other technology currently available to personal computer users allows for the placement of a significant 
amount of machine readable information on the media. Other practical limitations of these prior art methods 
forestall significant commercial success. 

One example of digital information being stored on paper is the use of bar codes. Because standard 
30 bar codes are one dimensional, they are severely limited in the number of bars that may be used to store 
digital information. The limits are somewhat greater in the case of two-dimensional bar codes but these 
limits are still far more restrictive than the theoretical limits of any particular printer, and bar codes are 
designed for use with specialized scanners. For more information on bar codes, see "Information Encoding 
with Two-Dimensional Bar Codes," authored by T. Pavlidis, J. Schwartz and Y. Wang, COMPUTER, June 
35 1992. 

U.S. Pat No. 5,245,165, issued to Zhang, discloses a self-clocking glyph code for encoding dual bit 
digital values of a logically ordered sequence of wedge-shaped glyphs that are written or otherwise recorded 
on a hardcopy recording medium in accordance with a predetermined spatial formatting rule. The dual bit 
values are encoded in the relative rotations of the glyphs. The glyphs are decoded by determining a bounding 
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box for each glyph and determining either which quadrant of the box contains its center of mass or by 
comparing the relative locations of the shortest and longest runs of ON pixels. To reliably present a single 
bit of data, each glyph comprises a large number of pixels, and thus this technology requires considerable 
space on the recording medium. The technology does not optimize the use of space or computational 
5 resources by presenting a bit in the most compact fashion. 

U.S. Pat. No. 5,337,362, issued to Gormish, discloses a method for transferring digital information 
to and from plain paper. The method involves storing data in at least one box on the paper, the box 
including a frame or border having alternating pixels along the left and right edges for use in determining 
the current location of a horizontal line of pixels when reading the data and having pixels in corners of the 

10 frame to determine horizontal spacing between pixels within the box. Binary data is formatted in rows 

within the box, wherein a bit of digital data is depicted by the presence or absence of an ink dot. The method 
disclosed by Gormish provides the ability to represent 60 kilobytes of data on a single page. 

Although Gormish allows for the storage of more data on a page than can currently be stored in text 
form, it has several problems which prevent it from being useful in a commercial environment. For example, 

15 Gormish requires a thick frame to be placed around the entire data box in order to locate the box. which 
limits the ability to place the data in convenient shapes and sizes on a substrate. Also, Gormish requires 
placement of pixels in a rigid fashion, without provision of guideposts to determine where to search for the 
presence or lack of a dot other than on the borders of the boxes. Further, Gormish provides ink placement in 
an ink dot that covers an entire square and that square covers an area 16 times larger than the finest optical 

20 resolution of any given scanner (e.g., Gormish discloses printing dots at 50 dpi while scanning is performed 
at 200 dpi), thereby limiting the density of data which can be represented on each page. In addition, 
although the method disclosed in Gormish may be suited for certain printers and scanners of great precision 
it does not adequately accommodate for deviations from perfection in printing and scanning found in off-the- 
shelf printers and scanners designed for use with personal computers. Operating in an environment of 

25 personal computers and their peripherals, this rigidity ultimately translates into loss of data density, higher 
error rates, slower processing speed all of these deficiencies, or, worse yet, complete inability to use the 
method in given computer environments. 

Other known methods disclose manners in which a single cell contains more than one bit of 
information through the use of gray scales. One such method is disclosed in U.S. Pat No. 5,278,400, issued 

30 to J. Appel (1994), This patent discloses the encoding of multiple bits in a single cell by marking, preferably 
by binary marking, a predetermined number of pixels in a cell irrespective of the location of the pixels within 
the cell. The number of pixels marked corresponds to the data to be encoded. The markings on the substrate 
are decoded by detecting the gray scale level at each pixel of the cell, converting that gray scale level to a 
corresponding digital signal and summing all of the digital signals corresponding to all of the pixels in the 

35 cell. This method requires discrete determination of where the cell begins and ends. The gains from 

encoding multiple values in a single cell are lost by requiring larger cells, relative to straightforward binary 
printing. Gormish also discloses the encoding of multiple values in one cell through the use of gray scale 
inks. This method employs rigid formatting and printing described above and similarly relies on rigid 
decoding mechanisms that may be optimized for a particular combination of a printer and a scanner, but not 
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for all such combinations. These methods give back the data density and savings in computational resources 
that the use of multiple colors should provide. 

U.S. Pat. Doc. No. 5,329,107, issued to D. Priddy and R. Cymbalski (1994), discloses a method to 
dynamically vary the size, format, and density of machine readable binary code. The method disclosed in 
5 that document provides a code formed of a matrix and allows variation in the amount of data in the matrix by 
printing on two sides of the perimeter of the matrix broken line patterns of alternating darkened and 
lightened areas. The method determines the amount of data in the matrix from the product of the number of 
lightened areas and darkened areas of the first side and the number of lightened areas and darkened areas of 
the second. The method determines size of the matrix by measuring the other two sides of the perimeter, 

10 formed of two solid black lines. While the method allows the encoder of information some flexibility in 
accommodating the different potentials of higher and lower resolution scanners, the method is rigid in 
darkening entire square cells. The method also lacks regular reference markers and generally limits 
information about the encoding, conveyed in the matrix, to size and density. The method therefore lacks the 
flexibility needed to address the peculiarities of every combination of printer and scanner. Hence the method 

1 5 can not produce the greatest density of data or the most efficient manner of decoding for every combination 
of printer and scanner. 

There is a need to substantially increase the amount of data that can be stored within a given amount 
of paper in order to compete with other channels of storage and communication such as floppy disks and 
digital communication by telephone. Employing binary printing (i.e., storing one bit per cell), the most basic 

20 and least dense printing process, the invention is capable of storing data at densities several times as great as 
any other paper based method known to the inventors. Utilizing printing methods which store more than one 
bit per ceil, such as color printing, the theoretical density limits increase substantially. 

While Gormish discloses the ability to store 60 kilobytes on a single page using a 400 dpi scanner, 
the invention is capable of encoding and decoding over 160 kilobytes of data error free (i.e., by utilizing error 

25 correction) using just a 300 dpi scanner. With the aid of compression, this single page can contain over 500 
kilobytes of text. With a 600 dpi printer and a 600 dpi flatbed scanner, the invention can encode data in cells 
1/200 inch square (i.e., .005 inch x .005 inch), successfully encoding and decoding over 300 kilobytes of data 
before the benefit of any compression, in excess of 1 megabyte of text with the aid of compression. Utilizing 
more precise printing processes and a 600 dpi flatbed scanner, the invention encodes and decodes over 7,000 

30 bytes per square inch (over 1,100 bytes/cm 2 ), over 20,000 bytes of text using compression. Utilizing an 
ordinary thermal fax machine as a scanner (achieving a binary scan of approximately 200 dpi), the invention 
encodes and decodes over 50 kilobytes of data, over 150 kilobytes of text with the aid of compression. All of 
the above densities are accomplished utilizing binary printing. 

The invention also conveys advantages for any particular printer. For example, using an ordinary 

35 thermal fax machine the invention can print over 230 kilobytes of data, over 675 kilobytes of text with 
compression, on an 8.5 by 1 1 in. piece of thermal fax paper. The invention can then successfully decode 
that data error free. 

Summary of the Invention: 
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It is an object of the present invention to solve the problems discussed above present in prior art 
systems for representing digital data on a substrate. 

It is another object of the present invention to greatly increase the density at which digital data can 
5 be represented on a substrate. 

It is another object of this invention to overcome the limitations of prior art through a method that 
writes and reads digital data on paper and other media using off-the-shelf personal computers and 
peripherals, and achieves the full carrying capacity these off-the-shelf components can sustain. 

It is another object of the invention to determine and enable the features and parameters that 
10 contribute to density of information on a printed substrate, and to enable full generality in formatting and 
decoding along the dimensions identified. This satisfies in turn the ultimate, practical goal: achieving the 
maximum density possible for any particular combination of printer and scanner. This comes about because 
that point of maximum density can always be found in the multi-dimensional space so defined. 

It is another object of the present invention to provide flexibility in printing digital data onto a 
1 5 substrate along with other information. 

These and other objects of the invention are achieved by a method of formatting digital data into a 
pattern where the pattern comprises a number of cells (i.e., predetermined spaces in the pattern) with known 
dimensions where each cell conveys at least one bit of data by expressing one of at least two logical states 
where one logical state is expressed by the presence of spot with a given set of attributes in the cell and a 
20 second logical state is expressed by the absence of a spot with those attributes from the cell, and where the 
size of spots may be different from the size of cells containing the spots. 

Generally speaking, in accordance with the invention, a method of formatting data into a pattern in 
an optimal fashion is provided. The preferred embodiment of the invention provides for the placement of ink 
on paper. The preferred embodiment allows the person providing data to format the placement of digital 
25 data. This flexibility in formatting the placement of digital data allows the person providing data to optimize 
for any particular combination of encoding device and scanner. The method of encoding allows the person 
providing data to format the placement of ink in a fashion that best reflects the printer's capabilities to place 
ink in a designated area. The method of encoding also allows for formatting designed to consider the 
strengths and limitations of the target audience of scanners. 
30 The features that support encoding information on the printed substrate, and its effective decoding 

via a scanner, fall under two heads. First, there are dark regions on the substrate, which the current 
invention terms "spots," whose presence or absence in a specified region represents digital bits. Second, 
there are guideposts, which the present invention terms "markers," that serve to identify the location of spots 
on the printed substrate - a function known in the art as "clocking " The present invention explicitly 
35 decouples these two features, allowing them to be varied independently, so that each may be optimally 
configured for its distinct purpose. The current invention also permits each to be varied across all the 
dimensions (e.g., those defining size, spacing, and frequency) that affect the density of information on the 
printed substrate, while supporting its effective decoding. This full generality allows the optimum match for 
a particular printer and scanner always to be selected, formatted, and decoded. 
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The method of the present invention allows the person or computer encoding data to select the size, 
in pixels, of both the cell containing a bit of information and the size of the printed spot where a spot is 
required. The preferred embodiment of the method of encoding provides a bit of one value by placing a spot 
of the chosen size in the cell of the chosen size. The method provides a bit of the opposite value by leaving 
5 the cell of the chosen size blank. In accordance with the invention, the size of the spots and of the cells can 
be varied in both the width and height directions. 

The method of the present invention also allows the person or computer system encoding data to 
select the size and locations of markers. In accordance with the invention, the size and location of the 
markers can be flexibly altered to achieve reliable clocking with the minimum amount of space and 
10 computation time. 

The method of the preferred embodiment provides information about the encoding process through 
use of a "metasector , \ a header physically separate from the main body of data. The purpose of providing a 
metasector is to facilitate decoding the main body of data. In this embodiment, the metasector is itself an 
instance of the general pattern by which information is stored in the invention. This metasector is preferably 
1 5 printed at a resolution which can be easily and reliably scanned and interpreted. It is also given a predictable 
and relatively rigid format, which makes it straightforward to decode in the absence of detailed information 
about the printing process and environment which generated the encoded data. This metasector contains 
information about the printing process and environment that is then used to decode the main body of data. 
The somewhat rigid format of the metasector frees the main body of the data from rigidity in its own format, 
20 allowing it the greatest flexibility in achieving maximum density. The metasector, encoded at a relatively 
low resolution, contains information communicated to the remainder of the method in order to decode 
information at a higher resolution. The information included in the metasector includes, inter alia, the size 
of the data spots printed, the size of the cells containing data spots, the printing process used to print spots 
and the size and relative location of markers, if any. 
25 Allowing flexibility in the size and placement of data spots in cells greatly increases density of data 

and improves the speed and accuracy of determining whether a bit is on or off. The fundamental purpose 
behind defining spot size independently is twofold - first, to compensate for printer deficiencies and, second, 
to compensate for scanner deficiencies. 

Within types of printers, such as 300 dot-per-inch ("dpi") laser printers, there is variation in both 
30 the ability to place ink at a given location and the ability to keep ink within the spot designated by that 
location. For example, printers have varying degrees of "dot gain" - the tendency of most printers to place 
ink beyond the purported boundaries of the pixel. Dot gain, and the problems it causes, can be exacerbated 
when the printing process employed goes through multiple steps. If, for example, the printing process 
involves producing film from a print, a plate from film, and copies from the plate, increasing amounts of dot 
35 gain can occur in each step. A spot is preferably allowed to be defined to be smaller than its cell (i.e., the 
space that is supposed to contain the spot) simply to prevent spots from spilling over to adjacent cells. 

Even with perfect printing, however, it would be important to allow smaller spots than cells, because 
of a second phenomenon. Scanners characteristically "leak" dark intensities from one pixel to a directly 
adjacent pixel. That is, if a pixel is directly over a dark region on the printed substrate, and an adjacent pixel 
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is not, the intensity of the adjacent pixel is nonetheless suppressed to a darker value. When spots completely 
fill in their cells, the ceils must be made larger to compensate for this tendency of scanners. If they are not 
made larger, the neighboring cell when blank may not differ enough in intensity from the dark cell to be 
discriminated as blank. Making it possible to configure spots to be smaller than cells generally allows cells 
5 to be smaller while supporting correct discrimination between dark and white cells. 

Of course, it is possible in principle that a given printer (or a like device) may characteristically 
print smaller spots than defined, or a given scanner (or a like device) may "leak" bright intensities — in 
which case it would be useful to define spots to be marginally larger than the cells they occupy (or, 
alternatively, to print spots in reverse video.) 
10 Between types of scanners or types of printers, such as between a 360 dpi inkjet printer and a 600 

dpi laser, the degree of variation expands significantly. Laser printers have a greater precision in the 
placement of ink, and 600 dpi printers place ink more accurately than a 360 dpi printer. The invention 
provides a method critical to optimization of ink placement based on these variations. 

The ability to vary the dimensions of spots and cells in both horizontal and vertical directions also 
15 serves to maximize the density of information. For example, with a 200 dpi thermal fax printer, and a 400 
dpi scanner, the invention can encode and decode a pattern with cells of 1x2 pixels containing spots of 1x2 
pixels, thus encoding over 100 kilobytes of data on a single page. However, a 400 dpi scanner cannot 
reliably decode a pattern with spots of lxl pixels printed at 200dpi. Since the next step up from lxl is 1x2 
<or, equivalents, 2x1), the most compact representation is employing the 1x2 cells. If the technology could 
20 allow for only square cells, the next step up would be 2x2 cells, which would be only half as compact. 

A powerful use of the invention, beyond its ability to communicate and store information 
(documents, software, graphics, etc.), is as an enabling technology for other technologies. One of the great 
limiting factors in permitting most consumers to fully exploit their PCs is that the PC possesses simply too 
many distinct functionalities that must be learned. This is indeed a problem that promises to get only worse 
25 as the PC itself develops greater capabilities. Even today, a PC user may have fax and data communication 
software on the user's PC, and access to the Internet, and the ability to use the PC as a telephone, and many 
other functionalities. Yet it is a rare user who will know how to utilize all of these functionalities. The 
present invention can be used to encode on paper an arbitrarily complicated batch file, script file, application 
file, or executable file that can effectively navigate the user through all the complexities involved in each 
30 function the PC can perform. By a simple scan of a datatile, for instance -as easy as running a copier — all 
such functions can be invoked. A datatile can contain both the identity of the application to be invoked - 
e.g., data communication, fax communication, Internet access — and the sequence of actions and data that 
that function requires - e.g., the phone number that must be dialed, the account number of the user, the 
password that must be entered, the particular address on the Internet sought, and/or a flag for the particular 
35 function that should be performed when access is granted. In effect, the datatile enables paper to become the 
user interface, instructing the user as to the functions that will be performed - e.g., a bill will be paid over 
the Internet, or a fax back will be initiated. The scan becomes the single thing that the user must learn to do: 
all other functions can be performed automatically. This spares the unsophisticated user the perhaps 
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overwhelming task of learning how to invoke these functions, and saves the sophisticated user from the 
tedium of entering the point clicks and detailed information any of these functions demand. 

Several features of the invention's methods of encoding and decoding make practical for the first 
time the enabling of many further, simplifying, technologies. The ability to significantly increase density of 
5 data allows far more complicated instructions to be placed in any given amount of space. The ability to 
accommodate a wide audience of printers and scanners allows access to the greatest number of potential 
users. The ability to vary the shape, dimensions, and location of the encoded digital data on the substrate 
allows the greatest flexibility in formatting the digital data alongside other information (such as text or 
graphics) on the substrate. 

Further objects and advantages of the invention will become apparent from a consideration of the 
drawings and ensuing descriptions. 

Brief Description of the Drawings 

The present invention will be understood more fully from the detailed description given below and 
from the accompanying drawings of the preferred embodiments of the invention which, however, should not 
be taken to limit the invention to the specific embodiments, but are for explanation and understanding only. 

FIG. 1 is a block diagram describing the overall process for transmitting digital data pursuant to one 
embodiment. 

FIG. 2 is a block diagram describing the method of encoding digital data onto a substrate, according to the 
preferred embodiment. 

FIG. 3 is an enlarged portion of a digitally encoded substrate illustrating how the method of encoding 
converts a series of digital data values into a pattern. 

FIG. 4 is an enlarged portion of a digitally encoded substrate illustrating an embodiment of the method of 
encoding where markers are light areas inside dark bars. 
FIG. 5 is a dialog box for establishing shapes for spots and cells. 

FIG. 6 is a dialog box for determining how ceil shapes at together and the sequence in which cells are 
created and each bit in the series of digital data values encoded. 

FIG. 7 is a block diagram describing one implementation of the process for selecting format parameters. 
FIG. 8 is an enlarged digitally encoded substrate produced by the method of encoding, where the substrate, in 
this instance, is paper encoded with the placement of ink. 

FIG. 9 illustrates a substrate produced by a further embodiment of the invention in which both machine 
readable encoded digital data and human readable text and graphics is placed on the substrate. 
FIG. 10 illustrates a substrate produced by an embodiment of the invention in which parts of a datatile are 
placed in noncontiguous regions of the substrate instead of being placed as a whole in one region of the 
substrate. 

FIG. 1 1 illustrates a digitally encoded substrate containing multiple datatiles, each of which has been 
enlarged for illustration purposes. 
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FIG. 12 illustrates a digitally encoded substrate containing multiple datatiles, shown at their actual sizes. 
FIG. 13 is an enlarged view of a portion of a digitally encoded substrate illustrating an embodiment in which 
each cell contains one bit of digital data expressed by spots with different attributes, where the difference in 
attributes is a difference in spot size. 
5 FIG. 14 is an enlarged digitally encoded substrate produced by a further embodiment of the invention in 
which each cell represents a plurality of bits where spots of different sizes and colors express different logical 
states. 

FIG. 1 5 is an enlarged view of a portion of a digitally encoded substrate illustrating an embodiment of the 
method of encoding in which one spot size and two cell sizes are defined. 
10 FIG. 16 is a block diagram describing the method of decoding for decoding digital data contained on a 
digitally encoded substrate, according to the preferred embodiment 

FIG. 17 is a block diagram describing the decoding process for deriving a series of digital data values from 
an image of a digitally encoded substrate. 

FIG. 18 is a block diagram describing the recovery process for deriving a series of digital data values fiom 
1 5 the image of that portion of a digitally encoded substrate that lies between markers. 

FIG. 1 9 is an enlarged view of a portion of a digitally encoded substrate illustrating one embodiment of the 
recovery process used to recover digital data. 

FIG. 20 is a block diagram illustrating a further embodiment of the method of encoding in which the digital 
data is subjected to encryption prior to encoding. 
20 FIG. 2 1 is a block diagram illustrating the addition of decryption to the method of decoding where the 
method of encoding included encryption prior to encoding. 
FIG. 22 is a block diagram describing a method of transmitting digital data. 

FIG. 23 is a block diagram describing a method of transmitting digital data involving immediate use of the 
digital data transmitted on the substrate. 

25 FIG. 24 is a block diagram describing a further embodiment of a method of transmitting digital data, 
including transmission of a digitally encoded substrate, that method being by facsimile transmission. 
FIG. 25 illustrates a further embodiment of the invention in which both machine readable encoded digital 
data and human readable text and graphics are placed on the substrate and in which the encoded digital data 
is designed to cause a computer to reproduce on the computer's display the human readable text and graphics 

30 placed on the substrate as well as allow context sensitive interaction with the computer. 

Detailed Description of the Preferred Embodiments 

The preferred embodiment operates on a personal computer having an 80386 model microprocessor 
35 or higher, at least 4 MB RAM, using the Windows® operating system available from Microsoft Corporation 
of Redmond, Washington, and available hard disk space of at least 10MB. The preferred embodiment 
supports inkjet and laser printers, grayscale flatbed, handheld, and sheetfed scanners, and thermal, inkjet, 
and laser fax machines. Of course, one skilled in the art will recognize that the method and system of the 
present invention can be implemented on any computer system using any appropriate operating system. 
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FIG. 1 illustrates the overall process of transmitting digital data, according to one embodiment of 
the invention, it being understood that the details of the invention itself are described below. The data source 
comprises digital data. The source, preferably being computer files stored on a personal computer's fixed 
disk, may also be from a floppy drive, visual images input by a scanner, digital data input by a scanner, files 
5 stored in memory, as might be the case, for example, of a word processing document input through a 
keyboard, or any other source capable of producing digital data. The program encodes this digital data on a 
substrate, step 101, producing a substrate with the digitally encoded data. The program then places the 
digitally encoded substrate in the hands of the ultimate user of the digital data, step 102. The ultimate user 
scans and decodes the digitally encoded substrate, step 103, which results in the reconstruction of the original 
10 computer files or other digital data. The overall result of the process described in FIG. 1 is the transmission 
or storage of digital data, with a substrate such as paper being the medium for that storage or transmission. 
Each of these steps will now be described in greater detail. 



ENCODING 

FIG. 2 illustrates the method of encoding of the preferred embodiment of the invention. Selection 
step 201 requires selection of various format parameter values. The parameters include the height and width 
in printer pixels of each printed data spot, the height and width in printer pixels of each cell, the height and 
width in printer pixels of the markers, and Marker to Spot, the distance in printer pixels between markers 
and the data spots. Markers, the function of which is described more fully below as part of the decoding 
process, are guideposts contained in the preferred embodiment that allow for more precise determination of 
the center of rows and columns of data spots. The person encoding data may also vary the number of cells 
between markers. The Spots per Segment parameter establishes the number of cells (and thereby the 
maximum number of possible spots) located horizontally between columns of markers while Rows Per 
Marker establishes the number of cells located vertically between markers. Hence, the preferred embodiment 
allows the person encoding data complete flexibility in formatting spots, cells and markers. 

The preferred embodiment contains further parameters, allowing flexibility in the formatting of 
datasectors and allowing the person encoding data to indicate the type of printer to be used. A datasector of 
the invention is a subdivision of a datatile and a datatile is an overall pattern of digital data complete with all 
components needed by the method of decoding. A datasector represents the smallest accumulation of data 
cells which, when decoded, can reconstruct a stream of digital data without errors, by employing error 
correction. That is, a stream of data of a certain length is first transformed into a sequence of codewords, 
with redundancy for error correction. The bits composing this sequence of codewords may, in principle, be 
distributed anywhere in a datasector, but they must all, by convention, be located somewhere within one 
datasector. The original stream can be reconstructed only after the enure datasector has been examined. 

The person encoding data may establish the parameter Data Segments, a measure of the number of 
data segments located across each datasector. A data segment is a row of ceils located between columns of 
markers with the number of cells in the row determined by the Spots per Segment parameter. Hence, the 
parameter Data Segments varies the number of columns of markers within a datasector. The person 
encoding data may also establish the number of Datasectors Across and the number of Datasectors Down the 
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datatile. In the preferred embodiment, the person encoding data must explicitly override the Datasectors 
Down parameter, that value being otherwise calculated automatically. 

The Printer Type parameter does not directly influence the formatting process in the preferred 
embodiment and, in that sense, may be considered something other than a format parameter. The Printer 
5 Type parameter allows the person encoding data to communicate information describing the printing process 
used to print the datatile. This information is preferably established automatically by reference to the printer 
currently selected in the computer's operating system, but may be overridden by the user. 

The Ink Colors and Ink Types parameters are set in the preferred embodiment to black and normal, 
respectively, but may be varied in other embodiments using different colors or types of ink. 

W A cell represents a part of the area covered by a datatile. A cell should be understood as being a 

space that should contain no more than one spot and a cell should be understood as ordinarily being a space 
large enough to contain an entire spot. In the preferred embodiment, defining a cell size determines the size 
of the space that may contain no more than one spot, while defining a spot size determines the size of any 
spot in the cell. It should be understood that a cell of the preferred embodiment is a conceptual construct 

15 with no physical manifestation other than the space it occupies. The preferred embodiment applies the 
concepts of cell and spot by determining an array of pixels, with dimensions equal to the cell size, and 
determining within that array a subarray with dimensions equal to the spot size. If a spot is called for, the 
preferred embodiment prints dots (i.e., the placement of ink at a given printer pixel location) at each of the 
pixels within the subarray. The preferred embodiment does not print dots at any remaining pixels in the 

20 array representing the cell. Hence, a cell differs physically from a spot contained in the cell only by virtue of 
pixels that the printer skips over and only then if the cell has dimensions larger than the spot. 

Thus, if a cell is defined with dimensions M pixels wide by N pixels high, and a spot is defined with 
dimensions X pixels wide by Y pixels high, X should ordinarily be smaller than, or equal to M and Y should 
25 ordinarily be smaller than, or equal to N. It should be understood that M, N, X, and Y are labels for 

numbers, where M is intended to express the width of a ceil, N the height of a ceil, X the width of a spot and 
Y the height of a spot. Of course, because they are labels, M, N, X. and Y could be replaced by any other 
labels, or the underlying dimensions could be expressed without labels, to accomplish the same effect. 

30 If at least one of the dimensions X or Y is defined as being less than the corresponding dimensions 

M or N, the spot will be smaller than its corresponding cell. If the dimensions X and Y are defined with 
different values, the spot will not be square. If the dimensions M and N are defined with different values, the 
cell will not be square. These possibilities allow greater flexibility to accommodate particular printers and 
scanners. 

35 

In step 202 of the preferred embodiment the person encoding data would select the computer file or 
files to be printed as spots on paper. The computer files would preferably reside on the encoding computer's 
hard disk. In other embodiments, the digital data to encode would come from other sources, such sources 
being limited only by the requisite ability to produce digital data. For example, digital data can be a stream 
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of data that comes from an on-line source, such as might exist on the Internet, and be directly formatted by 
the method of encoding without the intermediate step of saving data from that stream of data as a file on the 
computer of the person encoding data. 

5 The digital data from step 202 then passes compression processing 203, if any. It should be noted 

that in the present invention, compression may or may not be performed. If compression is performed, 
various forms may be utilized, including both lossy and lossless compression techniques depending on 
whether the compressed data must be recreated in the exact form as the original. In the preferred 
embodiment, the invention will decode the printed pattern to produce an error free stream of data. This 
10 allows compression techniques to be employed that do not require reconstruction from somewhat corrupted 
data of as much of the original information as feasible. In the preferred embodiment, standard compression 
into ZIP files is employed. In some instances, the impact of compression, such as increased data density, is 
so minimal that compression is not warranted. A further embodiment allows a user to circumvent 
compression. 

15 

Once any desired compression of the digital data has taken place (processing block 203), error 
correction encoding (processing block 204) may be performed. Since the substrate is used (along with the 
target scanner) as a digital channel, the error correction of the present invention can be viewed as just 
another box with digital input and digital output. Error correction encoding comprises adding correction or 

20 "parity" bits to the digital information. The method of error correction encoding can be any one of many 
methods known to those skilled in communications theory. The technique of error correction employed in the 
preferred embodiment is a straightforward and standard technique that derives from the Hamming distance 
theorem in communication theory. In the preferred embodiment, the coding technique allows for the 
correction of at least two bit errors in any given codeword. The precise amount of redundancy is user or 

25 system selectable. It is useful to allow for the correction of at least two bit errors, since a given codeword 
might be subject to more than one bit error even if its bits are distributed throughout a datasector to reduce 
the effects of localized defects. If only one bit error could be corrected, even a single case of a codeword with 
two bit errors in the entirety of a printed pattern would effectively corrupt the entire pattern. 

30 The preferred embodiment uses one method of error detection and correction (with user selectable 

degrees of redundancy) and one method of compression. In the preferred embodiment the degree of 
redundancy selected is information conveyed in the metasector. In other embodiments other methods are 
used. Some of these further embodiments allow the user to select the methods of error detection and 
correction and compression from a variety of possibilities. In one embodiment, for example, the user can 

35 choose, as a further format parameter, between lossy (e.g., MPEG) and lossless methods of compression. In 
one such embodiment, the user can choose, also a further format parameter, between various methods of 
error detection and correction, including one that requires perfect digital accuracy, one that allows up to a 
selected degree of errors, and one that requires perfect digital accuracy for some data but allows up to a 
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selected degree of errors for other data. The methods of error detection and correction and compression of 
these further embodiments are widely known to those skilled in the art. 

It should be understood that compression can occur before any of the steps in FIG. 2. If so desired, 
5 the user can choose to employ any available compression technique to convert one computer file or data 
stream into a compressed computer file. For example, a stream of audio from a microphone connected to a 
computer's sound card can be stored as an Adaptive Differential Pulse Code Modulation CADPCKT) 
compressed file. This already compressed file can then be selected in step 202. In a further embodiment, the 
user can choose whether to skip step 203 which would employ a second compression process. 

10 

Note that there is an advantage to using information about the formatting parameters to set the 
parameters for error correction. The organization of codeword bits on the printed page can be optimized 
using this information to reduce certain common types of defects introduced in printing, faxing, and 
scanning. In the present embodiment, the bits are separated within a datasector. In this manner, error 
15 correction results where the plain paper starts with defects, sustains damage or the printing or scanning 
processes introduce defects. The preferred embodiment allows the user to vary the degree of error correction 
to reflect the quality of the target scanner or other circumstances encountered or anticipated by the user. For 
example, a hand held scanner would typically require greater error correction than a flatbed scanner of the 
same resolution. 

20 

Once the digital data has undergone compression processing 203. if any, and error correction 
processing 204, the digital data goes through formatting process 205. Formatting process 205 is done in 
accordance with all values selected for format parameters. Formatting process 205 of the preferred 
embodiment first creates a landmark - 2 dark bars which facilitate determining the location and orientation 

25 of the datatile as discussed more fully below in regard to the method of decoding. Formatting process 205 
then creates a metasector. The metasector indicates the format parameters used in the method of encoding. 
Formatting process 205 is then responsible for changing a digital bit sequence into a pattern which is 
readable by the printer and from which printed pixels can be produced such that the printed pattern can be 
accurately scanned. In the preferred embodiment, the formatting process produces a bitmap file which is 

30 then printed by any printer capable of printing bitmap files. The formatting process begins by exclusive- 
ORing the bit sequence with a known random sequence to create a relatively uniform appearance in the 
pattern on the printed page. The uniform appearance created can render a more aesthetically pleasing effect 
for the printed pattern, which can be important if the pattern is integrated with certain human readable 
material, such as an advertisement. The digital data is then formatted into black and white pixels, in which a 

35 "0" bit is stored as a blank or a white space and a "I* is stored as a black spot with the dimensions in printer 
pixels as previously specified. 

In other embodiments, the digital data is formatted into different colors. Varying levels of gray 
scale is here regarded as one form of color formatting. In one such embodiment, gray scale formatting is 
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accomplished through binary printing by printing a known number of pixels (i.e.. the number of pixels 
needed to achieve a given level of gray scale) at arbitrary locations within the subarray of pixels that 
constitutes a spot. 

5 In further embodiments, the digital data is formatted into differing levels of electric charge, as in the 

use of substrates capable of holding electrical charges, differing levels of magnetism, as in the use, for 
example, of magnetic inks, and differing levels of non-visible (e.g., infrared) reflectivity, as in the use of inks 
with non-visible light qualities, it being understood that the invention is not limited to these particular types 
of formatting or materials. 

10 

Data formatted through step 205 is output onto a substrate, step 206. In a preferred embodiment, 
the step of outputting, step 206, includes communicating the formatted image from a personal computer to an 
off-the-shelf laser printer, preferably a laser printer with a high resolution. In other embodiments, the printer 
is an inkjet, dot-matrix, or LED printer, or any other printer capable of accepting graphic input from a 

15 computer. Further embodiments involve outputting digital data on substrates through means other than just 
communicating data from a personal computer to a connected printer. In one embodiment, a digitally 
encoded substrate produced, for example, by a laser printer connected to a personal computer, is photocopied 
through commercially available photocopiers. In a further embodiment, a digitally encoded substrate is 
printed in colors, such as light blue, by offset or other printing processes, which such colors can be scanned 

20 by a color scanner but not effectively photocopied with most photocopiers, thus preventing improper 
photocopying. In a further embodiment, printing presses produce the digitally encoded substrates, either 
directly from the formatted image or indirectly by copying a digitally encoded substrate. In a yet further 
embodiment, a rubber stamp or other solid material, produced in the likeness of a datatile, is used to place 
ink or other substance on paper. 

25 

The paper used for printing can be any paper capable of accepting and holding the placement of ink 
including, for example, postcards, business reply cards, business cards, newsprint, magazine paper, self- 
adhesive paper notes, labels, forms, envelopes, cardboard, and checks. In the case of business cards, the 
digital information could include a database or additions to a database consisting of a person's name, 
30 telephone number, address, e-mail address, picture, audio file (eg., a sound clip of the person speaking his or 
her name) and other pertinent information together with computer instructions that initiate a telephone call 
to the included telephone number. 

In still further embodiments, the outputting of digital data on a substrate involves processes other 
35 than printing ink on paper and outputting step 206 should be understood to include any means for outputting 
digital data onto a substrate. In one embodiment, the outputting involves placing the encoded digital data on 
paper by changing the characteristics of the paper such as occurs when a facsimile machine prints using 
thermal fax paper or when the paper is burned (through the use of lasers or otherwise) or when holes are 
produced in the paper. In one embodiment, reflective substances are placed on such non-paper substrates as 
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cloth (e.g., shirts, towels, bags), ceramics <e.g., mugs, glasses, and plates), and buttons. In one embodiment, 
the outputting of digital data occurs through photographic processes that place the digital data on a 
photographic print or slide. In another embodiment, the outputting occurs by producing plastic objects (e.g., 
plastic labels, and cards) containing a datatile. In a further embodiment, the outputting occurs by selectively 
5 magnetizing a substrate capable of retaining such a charge. In a still further embodiment, the outputting 
occurs through processes that act upon a substrate of biological agents capable of being differentiated in 
discrete locations in at least two separate states. For example, the hide or skin of animals (or their internal 
organs) and the surface of plant matter can be marked, such as with tattoos or branding, with datatiles. In a 
yet further embodiment, the outputting occurs not through the placement of substances on a substrate but by 
10 the removal of substances from a substrate as occurs through, for example, etching of metals, plastics or other 
materials, or the creation of pits in a compact disk. It should be understood that printing step 206 is not 
limited to the embodiments described above, but could include any means of outputting digital d ata on a 
substrate of any type capable of being differentiated in at least two different states in each of a plurality of 
locations on such substrate. 

15 

FIG. 3 is an enlarged view of a portion of a digitally encoded substrate. FIG. 3 illustrates how the 
method of encoding takes a series of digital data values (i.e., bit values) and, using those format parameters 
applicable to spots, cells, markers, and rows, produces a pattern. The format parameter values used for 
producing the digitally encoded substrate of FIG. 3 are: Spot Height = 3, Spot Width « 3, Cell Height = 4, 
20 Cell Width « 4, Marker Height = 3, Marker Width = 4, Marker to Spot = 6, Spots per Segment - 7, and 
Rows per Marker - 3. The series of bit values for the first row of cells are: 1,0,1, 1, 1, 0, and 0. 

FIG. 3 reflects the bit values and format parameters selected, as illustrated in markers 301, distance 
from the first marker to the first spot 302, spot 303, and cells 304, 305, 306, 307, and 308. Each of the 

25 markers 30 1 is 4 pixels wide by 3 pixels high, consistent with a Marker Width value of 4 and a Marker 
Height value of 3. Consistent with a Rows per Marker value of 3, there are three rows of cells for each 
marker, the first row being immediately to the right of the first marker. Distance from the first marker to the 
first spot 302 is 6 pixels, consistent with a Marker to Spot value of 6. Each spot, such as spot 303, is 3 
pixels high by 3 pixels wide, consistent with a Spot Height value of 3 and a Spot Width value of 3. Each cell. 

30 such as cell 304, is 4 pixels high by 4 pixels wide, consistent with a Cell Height value of 4 and a Cell Width 
value of 4. The embodiment of the method of encoding utilized to produce the digitally encoded substrate of 
FIG 3 reflects each bit in the series of bit values by expressing one bit in each cell through two different 
logical states, where one state is represented by the presence of a spot and the other logical state is 
represented by the absence of a spot from the cell. In this instance, a spot represents a 1 and a blank cell 

35 represents a 0. Accordingly, cells 304, 305, 306, 307, and 308 are spotted, blank, spotted, spotted, spotted, 
blank and blank, reflecting the series of bit values 1, 0, 1, 1, 1, 0, and 0. Similarly, the second row reflects 
the series of bit values 1, 1, 0, 0, 0, 0, and 0, the third row reflects the series of bit values 0, 0, 1, 1, 0, 0, and 
0, and the fourth row reflects the series of bit values 0, 1, 0, 0, 0, 1, and 1. 
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In the preferred embodiment of the method of encoding, a marker consists of a dark rectangular 
array of pixels. Series of markers are located in columns, with a number of white pixels vertically separating 
one marker from the next marker down the column, such number of pixels being a function of the values for 
format parameters Cell Height, Rows per Marker and Marker Height. Similarly, each marker is horizontally 
5 separated from the nearest possible spots by a number of white pixels, such number being determined by the 
value for the format parameter Marker to Spot. FIG. 3 illustrates markers according to this preferred 
embodiment. 

It is well recognized in the area of the invention that it is important to have a "clocking" mechanism 
10 to allow a precise mapping from image pixel locations to printed pattern locations. The present invention 
allows the clocking mechanism, which always demands some overhead in terms of space, to be configured so 
that it can maximize the density of information on the printed substrate. The clocking mechanism assumes 
the most compact form that allows it to represent spatial information: periodic dark interrupting white, or 
periodic white interrupting dark. The area occupied by this mechanism is fully configurable: both the 
15 frequency with which it occurs, and the size of each occurrence can be fully modified. Moreover, the 
clocking mechanism "wraps around" so that the clocking region provides spatial information for data cells 
on both sides. 

It is important that the amount of clocking apparatus on the substrate be configurable. If there is too 
20 much, then density is lost due to the space occupied by the clocking mechanism itself. If there is not enough, 
then spatial inaccuracies creep in, and this brings about either erratic behavior, or loss in density if the spots 
must be made larger to accommodate the inaccuracies. Somewhere between there is an optimum amount of 
clocking, and this amount may vary considerably from one combination of printer/scanner to another. 

25 The clocking is performed by markers, currently implemented as dark rectangles on a white vertical 

column. These markers capture both horizontal and vertical location. The horizontal information is carried 
essentially by counting the number of marker columns over, and multiplying that count by a determinable 
horizontal displacement between columns; the vertical information is carried by counting the number of 
markers down, and multiplying that count by a determinable vertical displacement between markers. 

30 

In principle the markers could be arranged in strips that run horizontally across the direction of 
the scan. Yet the distortions in a scanned image are almost always in the vertical dimension, since this is 
governed by mechanical factors of paper moving down a document feeder, or of a scan head moving down. 
It is more important therefore to keep track of the variations along the vertical dimension, which vertical 
35 strips of markers more effectively do. (Of course it would be also possible in the current invention to have 
both horizontal and vertical strips, if significant distortions were introduced in both directions.) 
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Rather than have the markers the same size and periodicity as the spots » which a number of 
technologies do — it is far better to make their size and periodicity independent, since the role they play is 
quite different. 

5 The principle that must guide the dimensions and periodicity of the markers is that they must be 

laid down by the printing process so that they rarely are absent are clearly identifiable in the scan, and have 
absolutely reliable physical location. This is a general constraint on any clocking mechanism in any 
technology that encodes digital information on a substrate and decodes it by means of a scan. When the 
amount of overhead that the clocking mechanism incurs is decreased, by decreasing the clocking features in 
10 size and/or frequency, the amount of data that can be affected by each imperfection (or aggregation of 
imperfections) in the printing or scanning of the clocking features increases. It is important therefore to be 
able to configure the clocking mechanism so as to minimize defects in the printing or scanning of the 
clocking features. The optimal configuration depends on the imperfections peculiar to the particular printer 
and scanner. 

15 

Considerable imperfection can be tolerated in data spots, since any individual defect can compensated for by 
error correction. Yet a single spatial inaccuracy arising from a marker can affect any number of rows of 
spots — which may in turn comprehend perhaps hundreds of spots, thereby corrupting large quantities of 
data. In general, these constraints imply that markers should be larger than spots, and better separated from 
20 other features, including both spots and each other. The absence of this capability in other technologies 
limits their ability to achieve highest densities and reliability. 

The concept of "wrap around" in the current invention also plays a key role. It means that the same 
set of guideposts that provides spatial information about a grouping of data cells on one side also provides it 
25 for a grouping on the other. Alternative technologies which divide data into separated blocks demand not 
only a new, effectively redundant, set of guideposts for the nearby side of the neighboring block, but also a 
separation of white space (and perhaps other paraphernalia — e.g., a thick bar), between the blocks so that the 
location of each block itself can be determined The unnecessary overhead all of this introduces can severely 
reduce the density of information on the substrate. 

30 

Other embodiments utilize markers other than rectangular arrays of dark spots set in a light 
background. In one such embodiment, the markers consist of a grouping of dark pixels in nonrectangular 
shapes such as circles, ellipses or triangles. In a further embodiment, markers consist of groupings of light 
pixels against a dark background. FIG. 4 illustrates this further embodiment. FIG. 4 contains an enlarged 
35 view of a portion of a datatile that is identical to that illustrated in FIG 4 except for the markers. Each 
column of markers 40 1 consists of a dark bar that preferably extends the entire length of the column of 
markers 401 plus a few pixels on top and bottom. The number of additional pixels on top and bottom would 
preferably be between one and two times the value for the format parameter Marker Height. The bar would 
have a width that can preferably be varied by the person encoding data so that the user can optimize the 
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width for the particular printers and scanners anticipated or such other circumstances the user might 
etfecounser. Thus, this embodiment would preferably have a further format parameter, Marker Bar Width. 
Similar to the datatile in FIG. 3, the horizontal distance from each marker to the nearest edges of possible 
spots is 6 pixels (i.e., the value for Marker to Spot equals 6). The dark bar for each column of markers 401 is 
5 8 pixels wide, consistent with a value of 8 for Marker Bar Width. Thus, the distance from the dark bar to the 
nearest edges of possible spots is 4 pixels. Within each dark bar are the markers themselves - arrays of white 
pixels that are 4 pixels wide and 3 pixels high. 

It is important for the technology to come to terms with the basic fact that the defined dimensions of 
10 a spot may be very different from the actual dimensions of the spot produced on a substrate by a printer. The 
precision of defined dimensions of a spot usually well exceeds the true precision of a printer. When pushed 
close to their theoretical resolution, printers rarely can produce on a substrate a dark region filled in exactly 
to the bounds defined, and typically exceed and/or fall short of these bounds. One effect of this is that the 
notion of "shape" of a spot largely breaks down. For example, at these resolutions, the defined squareness 
1 5 (or rectartguiarity) of a spot is in great measure lost, and the spot becomes effectively a roughly circular (or 
oval) "blob." It is likewise true that scanners when pushed close to their resolutions cannot distinguish the 
shapes of even perfectly printed shapes on the substrate, and effectively reduce all small shapes to "blobs" 
which vary only in darkness and, to a degree, size. From the standpoint of ability to encode data, the real 
issue becomes: in a given space, how many such "blobs" can be separately printed so that they can be 
20 distinguished by a scanner? For this reason, even if the defined shapes of these microscopic entities on the 
printed page differ from one case to another, it is, for the purposes of the technology, effectively the same 
representation. 

In the preferred embodiment, cells and spots are rectangular or essentially rectangular with the ceils 
25 placed in horizontal rows and vertical columns in the datatile. In another embodiment, cells are formatted as 
diagonal spaces and series of cells are formatted diagonally into the datatile. In one embodiment spots are 
likewise formatted as nonrectangular spots. Formatting spots as nonrectangular shapes may be particularly 
advantageous where placing dots in all pixels of a rectangular spot results in too much ink spreading beyond 
the spot's theoretical limits (i.e., dot gain) while placing dots at less than all pixels (as might be accomplished 
30 with a mtonrectangular spot shape) reduces the encroachment over a rectangular spot's borders while still 
giving good definition within the borders. 

In one embodiment, nonrectangular cells and spots are chosen through a dialog box that includes an 
array of squares, each square representing a pixel. The person encoding data selects those squares in the 
35 array that represent a cell and within those squares, the squares that represent a spot Each of a plurality or 
all of the cells and spots in a datatile would have the shapes selected. FIG. 5 and FIG. 6 illustrate dialog 
boxes according to this embodiment. FIG. 5 illustrates a dialog box for establishing the shapes for a spot and 
a cell. FIG. 6 illustrates a dialog box for determining how nonrectangular cell shapes fit together, and the 
sequence in which those cells are created and each bit in the series of digital data values is encoded. 
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In FIG. 5, the user has 7 options, 5 represented by radio buttons and 2 by icons. Matrix 501 
represents the printer pixels available for formatting spots and cells, where each square in the matrix 
represents one printer pixel. The user selects Add to Spot. When this button is selected, the user moves the 
5 mouse cursor over desired squares in matrix 50 1 and clicks those squares. In FIG. 5, squares that have been 
selected as part of the spot are black. Pixel 502 illustrates a square that is part of the spot. If the user desires 
to revise pixels selected for the spot, the user selects Delete from Spot, moving the mouse cursor over 
previously selected squares and clicks, thereby removing those pixels from the spot (in an alternative dialog 
box, there is no separate Delete from Spot and Delete from Cell radio buttons - clearing previous selections 

10 is instead performed done by clicking a second lime on previously selected squares). The user also selects 
Add to Cell. When this button is selected, the user moves the mouse cursor over desired squares in matrix 
501 and clicks those squares. In FIG. 5, squares that have been selected as part of the cell are those that 
either hatched or selected as part of a spot. Pixel 503 illustrates a square selected to be part of the cell but not 
part of the spot. All squares not selected as part of either the spot or the cell remain blank. Square 504 

15 illustrates a square that is neither part of the spot nor the cell. The user selects Change Matrix Size if the 
user desires to either increase or decrease the array of printer pixels available for selection as part of the spot 
and cell. When the user completes the selection of spot and cell shapes, the user selects DONE or, if the user 
wishes to abort the selection process, the user selects CANCEL. 

20 In FIG. 6, the user has 3 options in addition to DONE and CANCEL (DONE and CANCEL have 

functions comparable to the similarly named icons in FIG. 5). Matrix 601 depicts the cell shape chosen in 
the CONFIGURE SPOT/CELL SHAPE dialog box illustrated in FIG. 5. The CONFIGURE CELL 
PLACEMENT dialog box preferably pops up following completion of selection in the CONFIGURE 
SPOT/CELL SHAPE dialog box. The cell previously selected is illustrated as area 602 - i.e., the area not 

25 composed of squares. Matrix 603 represents the printer pixels available for placing cells, where each square 
represents one printer pixel. The user selects Add Another Square, moves the mouse cursor over area 602 
representing the ceil shape, and leaving the mouse button clicked, moves (i.e., drags) an image of the cell 
shape to the desired location in matrix 603. Inappropriate selections are ignored by the computer in the 
dialog box, including selections that effectively change the shape of cells by leaving unfilled squares in gaps 

30 between cells of the chosen shape. The user selects Delete Cell to revise a previous selection (in an 

alternative dialog box the Delete Cell radio button does not exist and instead, the user clicks a second time on 
a previously placed cell). 

The user then selects Set Sequence, and moves the mouse cursor over cell shapes in matrix 603 in 
35 the order desired, clicking on each cell shape as the cursor moves. The sequence is indicated in the dialog 
box by the numerals in the ceil shapes. The sequence selected determines the order in which bits from the 
series of digital data values are encoded in the cell, proceeding in the order selected to the border of the 
datasector then moving to the next line in the datasector. In matrix 603, the order selected is a line of cells 
extending from upper left to lower right. Cell shape 604 was selected as the first in the series followed by 
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cell shapes 605, 606, and 607. The method of encoding would encode cells in this sequence starting at the 
left border of the datasector moving down and to the right to the other border of the datasector. Once the 
lower border has been reached, the sequence goes back to the first cell of the next line, depicted in matrix 
603 as cell shape 608. This embodiment preferably determines a sequence of cells by default if none is 
5 selected by the user. One such default sequence would generally follow the sequence of the preferred 
embodiment - i.e., generally from left to right. 

In the preferred embodiment the format parameters are selected through a combination of input, 
automatic selection and default values. FIG. 7 describes this selection process as applied to each format 
10 parameter. The step of inputting, 701, can encompass a user inputting a value for a format parameter. 

Inputting is performed using a keyboard, mouse, or other input device, to select values in a dialog box. After 
allowing adequate time for inputting but before the method of encoding commences formatting, the selection 
process determines whether a value has in fact been input, step 702. If a value has been input, the selection 
process sets the format parameter equal to that value, step 703. 

15 

If a value has not been input, the selection process then determines whether information otherwise 
available bears on the selection of a format parameter value, step 704, For example, if the encoding process 
is being performed by a computer, the computer's operating system may have stored information in the 
printer driver concerning the default printer used by the computer. This information could include the 

20 primer's make, model, and resolution. Printer resolution can be particularly useful in automatic selection of 
format parameter values. Another source of information can be information input by the user other than 
values for the format parameters themselves. For example, the user can input information concerning the 
types and resolutions of printer and intended scanners for a given datatile. While this information does not 
directly establish format parameter values (other than the Printer Type parameter which preferably does not 

25 directly influence the formatting process), the information clearly bears on the selection of these values. The 
correct setting for these parameters can be established by experimentation with desired printers and scanners. 
The results of these experiments are then captured in lookup tables for the parameters that are stored in the 
software. Table 1 (included at the end of this Description), provides values for format parameters for the 
most important combinations of off-the-shelf printers and scanners. In each case presented in Table 1, Ink 

30 Colors is black and Ink Types is normal. 

If information is available, from whatever source, that bears on the selection of a format parameter 
value, then the selection process establishes the value consistent with that information, step 705. Otherwise, 
the selection process sets the format parameter equal to a predefined default value, step 706. The preferred 
default values are intended to be reliable no matter what printer or scanner is used. 

35 While the selection process of the preferred embodiment provides for user input as at least one 

manner of selecting format parameters, other embodiments have other ways of selecting format parameters 
with no user input. One such embodiment selects format parameter values as part of the process of 
developing computer code for the instructions to be executed by a computer and attached printer. In 
accordance with this embodiment, format parameter values are selected for a particular printer or set of 
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printers, where the values are preferably optimized for the particular primer or primers. It is therefore 
possible to include the selected format parameter values as part of printer drivers - i.e., the set of computer 
instructions directing a particular printer to prim and the manner in which to print. In other embodiments, 
format parameter values are varied without user input by reference to information available without user 
5 input In one such embodiment, the format parameter values are selected by reference to information known 
about attached printers, possible scanners, or a combination of such factors. 

FIG. 8 illustrates a digitally encoded substrate as produced by a preferred embodiment of the method 
of encoding. More particularly, the digitally encoded substrate illustrated in FIG. 8 consists of one datatile. 
It should be understood that the preferred embodiment produces one or a plurality of datatiies depending on 

10 the amount of digital data, the density of data produced by the formatting process, the size of the substrate 
and user preferences for datatile size and quantity. The datatile in FIG. 8, enlarged for illustration purposes, 
consists of three main components, a landmark 801, a metasector 802, and a main body of data 803. 

In this embodiment, landmark 801 consists of two bars • i.e., two rectangular regions composed 
entirely of pixels in the same slate. The landmark 801 consists of two bars that are entirely black. One such 

1 5 rectangle is elongated vertically while the other is elongated horizontally. The basic purpose of these 
landmarks, as further described in the decoding process below, is twofold. 

First, the landmark provides information about the orientation of the pattern within the image, and 
in particular the orientation of the metasector. The metasector and the horizontal bar of the landmark are 
both much longer than they are high. Furthermore, they are both designed to be printed at the same 

20 orientation - i.e., the horizontal aspects of each should be printed perfectly horizontal. The skew of the 
landmark in the scanned image therefore gives a very good approximation of the skew of the metasector. 

Second, the landmark provides information about the scale of the pattern within the image, and the 
scale of the metasector in particular. In the preferred embodiment, the dimensions of the vertical bar and 
horizontal bar are standardized based on the sizes they assume when printed on a 300 dpi laser and 

25 configured for a 400 dpi scanner - i.e., these settings are treated as the "base" case. In particular, the 
vertical bar is printed with width of 6 printed pixels, and height of 32 printed pixels. The horizontal bar is 
printed with length of 64 pixels, and height of 16 pixels. These relative proportions are observed no matter 
what the resolution of a printer and scanner might be. If the pattern is to be scanned in by a 300 dpi scanner, 
and printed on a 300 dpi laser, then the number of pixels is half again as much in each dimension (i.e., 

30 vertical bar 9 pixels wide by 48 pixels high, horizontal bar 96 pixels wide by 24 pixels high). And a 600 dpi 
laser will precisely double the number of pixels in each dimension for the two cases - i.e., for a 300 dpi 
scanner the vertical bar is printed at 18 pixels wide by 96 pixels high and the horizontal bar is printed at 192 
pixels wide by 48 pixels high, while for a 400 dpi scanner the vertical bar is printed at 12 pixels wide by 64 
pixels high and the horizontal bar is printed at 128 pixels wide by 32 pixels high. The vertical bar in 

35 landmark 401 has dimensions 9 pixels wide by 48 pixels high, while the horizontal bar has dimensions 96 
pixels wide by 24 pixels high. The scale can generally vary widely depending on the resolution of the printer 
and the scanner. 

In the preferred embodiment, the landmark is in precise scale to the metasector, which also has a 
rigid format. The width of the horizontal bar is precisely 16 times the width and 32 times the height of a 
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marker in the metasector. Likewise, the dimensions in printer pixels of the metasector itself will be a 
multiple of the "base" case printer pixels. Thus, the metasector's markers, spots, and distances will, for 
example, precisely double if printed on a 600 dpi printer instead of a 300 dpi printer The multiple used is 
encoded within the metasector. This allows a precise understanding of the ratio of printed pixels to image 
5 pixels. This understanding enables the algorithm to decode the data portion of the pattern, since distances 
and dimensions of markers and spots are defined in the metasector in terms of printed pixels 

In other embodiments, the method of encoding produces digitally encoded substrates with 
landmarks other than two bars consisting of pixels of the same state. Potential shapes for landmarks should 
be distinctive so that they are not easily confused with other possible features in the scanned image. They 
10 should also bear a predictable orientation with respect to the metasector, as well as a predictable scale (or 
limited set of scales.) 

In still further embodiments, the method of encoding produces digitally encoded substrates with no 
landmarks. In general, the landmarks perform a function that can be achieved through further 
computational steps. Such a process locates the left side of the printed pattern by examining the image for 

15 horizontal sequences of white pixels followed to the right by dark pixels, and reconstructing the vertical left 
side for the pattern by assembling into a straight line the points at which the dark pixels first occur. At the 
top of the left side of the pattern lies the metasector, and an algorithm locates the predictable number of 
vertical markers in the metasector (typically three) that occurs at the extreme left side. From the size and 
relative location of these markers, the orientation of the metasector as well as its scale can be well 

20 approximated. The known pattern (or one of a series of known patterns) for the metasector markers virtually 
precludes mistaking some other graphical image as a metasector, thus allowing both a datatile and human 
readable graphics and text on the same page. 

Metasector 802 of the present embodiment consists of two basic elements, metasector markers and 
metasector data cells. These two basic elements are differentiated in the present embodiment by relative size 

25 and placement. Each metasector marker of metasector 802 is 3 pixels high by 6 pixels wide. These 

metasector markers are placed in groups of three, stacked vertically and separated from each other by 9 blank 
pixels. Metasector 802 contains 9 groups of three metasector markers, including one group at the leftmost 
region of metasector 802 and one group at the rightmost region of metasector 802. Each metasector data cell 
of metasector 802 is 6 pixels high by 6 pixels wide. These cells are grouped together between the groups of 

30 metasector markers, with any spots in the ceUs closest to the metasector markers being 6 pixels horizontally 
removed from the metasector markers. The groups of metasector cells are 8 ceils wide by 5 ceils high. Each 
cell within a group may contain a spot that is black or may be blank (white) depending on the bit value being 
encoded within that cell. Each black spot in a metasector cell, where called for, is 3 pixels wide by 3 pixels 
high. 

35 The data cell that may contain a spot is most perspicuously to be understood as locating such a spot 

precisely in its center. That is, if a spot is 3 pixels by 3 pixels, and its containing cell is 6 pixels by 6 pixels, 
then the border of that cell should be understood as extending 1.5 pixels above, below, to the right of, and to 
the left of the spot. Understanding the notion of a cell in this way allows all cells to be treated equally and 
symmetrically - in particular, the cells at the extreme right and extreme left of a contiguous aggregation of 
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cells are equally distant from the markers at the border of the aggregation. While the notion that a spot is 
located precisely at the corresponding cell's center facilitates understanding of the construct of a cell, it 
should be further understood that the spot could be located anywhere in the array of pixels that defines a cell 
and achieve the same effect. 
5 The importance of a notion of a cell from the point of view of understanding the invention is that a 

cell captures the separation of a potential spot from the neighboring potential spots. This separation is 
important to the invention, because, one, printed spots typically extend beyond their defined boundaries, and, 
two, when a dark spot is scanned, the darkness typically extends (beyond its physical bounds) into 
neighboring image pixels. These two phenomena demand that spots be defined with separation from each 
10 other if they are to be most effectively determined to be "on" or "off." Taking advantage of this can greatly 
increase the density of information on the page. 

The main body of data 803 of the present embodiment consists of two basic elements, markers and 
data cells. These two basic elements are differentiated in the present embodiment by relative size and 
placement Each marker is 3 pixels by 3 pixels, these dimensions having been determined by setting the 

15 parameters Marker Height and Marker Width each equal to 3. The markers are arranged in columns, with 
each column being one marker wide and as high as the main body of data 803. The beginning of each 
marker within a column is separated vertically from the beginning of the next marker by 9 pixels, this 
distance being determined by (and is a product of) setting the parameter Cell Height equal to 3 and the 
parameter Rows per Marker equal to 3. The main body of data 803 contains 10 columns of markers and 9 

20 groupings of data cells between those columns of markers. The 9 groupings of data cells across results from 
(and is a product of ) setting the parameter Datasectors Across equal to 3 and the parameter Data Segments 
equal to 3. The first three groupings for instance, located between columns of markers 804 and 805, 
constitutes the first datasector (note Datasectors Down equals 1). Each grouping of data cells is 15 cells wide 
and extends the height of the main body of data 803. The number of cells across each grouping is 15 as a 

25 result of setting the parameter Spots per Segment equal to 15. Each grouping contains, in addition to data 
cells, a calibration pattern such as calibration pattern 806. A calibration pattern contains spotted and blank 
cells arranged in a checkerboard pattern. The calibration patterns facilitate the decoding process by 
providing information on the darkness of the scanned image. Each data cell is 4 pixels wide by 3 pixels 
high, these dimensions having been determined by setting the parameter Cell Width equal to 4 and the 

30 parameter Cell Height equal to 3. Each data cell of the main body of data 803 contains either a black spot or 
is blank (white), depending on the bit value being encoded within that cell. Each black spot is 3 pixels wide 
by 2 pixels high, these dimensions having been determined by setting the parameter Spot Width equal to 3 
and the parameter Spot Height equal to 2. The column of markers is horizontally separated from the closest 
possible spots in the data cells by 5 pixels, this distance having been determined by setting the parameter 

35 Marker to Spot equal to 5. The height of the main body of data 803 is a function of the amount of data to 
encode, the parameter Datasectors Down, and the width of the main body of data 803, such width having 
been determined as indicated above. 

In a further embodiment of the method of encoding, information recorded on a substrate includes 
digital data as well as other information such as human readable text and graphics. FIG. 9 illustrates an 
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example of a substrate according to this embodiment. The substrate in FIG. 9 includes human readable text, 
graphics (i.e., a drawing of a cat's face), and a datatiie containing digital data relevant to the human readable 
information (the datatiie in FIG. 9 illustrates an embodiment that does not include a landmark). The 
substrate illustrated in FIG. 9 thus conveys how a further embodiment of the invention can be used for such 
5 purposes as advertising, thus providing further evidence of the invention's value. The invention's unique 
advantages (relative to other known technologies), including the ability to store far greater amounts of data in 
a limited space, the ability to determine locations of data through use of metasectors, and the ability to 
determine cell locations by utilizing formattable series of markers, make the embodiment of FIG. 9 
commercially practical for the first time. In other embodiments, involving photographic materials and 
10 processes, encoded digital data is placed inside, alongside or on the back of images captured from normal 
photographic processes. In further embodiments involving digital photography, encoded digital data is 
placed inside, alongside or in back of printouts of the digitally captured and recorded image, or inside, 
alongside or in back of printouts of scanned and digitized images captured from normal photographic 
processes. 

1 5 A further embodiment of the invention serves as a substitute for optical character recognition 

("OCR"). The datatiie in FIG. 9 could, for example, contain (whether or not in addition to the indicated list 
of information and phone numbers) the underlying file or files for the printed text and graphics. The datatiie 
could further contain instructions to not perform OCR on the printed text An embodiment that includes 
both OCR capability and the ability to decode datatiles first attempts to find and decode a datatiie. If 

20 successful in decoding a datatiie (one that contains instructions not to perform OCR) the invention does not 
perform OCR on the printed text but instead stores the file contained in the datatiie. If no datatiie is present 
on a printed document (or if the datatiie is not successfully decoded) this further embodiment performs OCR 
on the document. The result in either case is a digital representation of the document In light of current 
deficiencies in OCR, the first possibility - deriving a perfect digital representation from a datatiie - is clearly 

25 preferable. 

While FIG. 9 includes human readable information in addition to digital data, it should be 
understood that further embodiments of the invention combine digital data as well as other information that 
is not or is not primarily human readable through visual inspection. Thus, one further embodiment combines 
the encoded digital data with braille so that digital data can be transmitted by substrate to the visually 

30 impaired. For example, computer audio files can be transmitted on paper and the recipient can read the 
braille on the substrate to determine the contents of the computer audio files. In further embodiments, the 
machine readable digital data produced by the present process is combined with machine readable digital 
data of other processes such as those that utilize bar codes or characters written in magnetic ink. These 
further embodiments allow existing installed bases of technologies to initially sort or otherwise make 

35 determinations using existing equipment and processes in place. 

In a further embodiment of the method of encoding, the digitally encoded substrate contains at least 
one datatiie where parts of the datatiie are located in noncontiguous regions of the substrate instead of the 
whole datatiie being located in one region of the substrate. The regions not occupied by parts of the datatiie 
may contain other printable matter including human readable text or graphics, blank space, or parts or all of 
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other dataules. FIG. 10 illustrates an example of a substrate produced in accordance with this embodiment. 
This substrate contains parts of a single datatile, a landmark 801, a metasector 802. and a main body of data 
1003. The substrate also contains human readable text 1004. Parts of the datatile are in noncontiguous 
regions of the substrate. Landmark 801 and metasector 802 are located together at the top of the substrate. 
5 Main body of data 1003 is divided into 2 parts, each of which is physically separate from each other and from 
landmark 801 and metasector 802. Human readable text 1004 occupies space between the noncontiguous 
parts of the datatile. 

In one embodiment of the method of encoding, the metasector contains information indicating or 
otherwise assisting in the determination of the location of the various parts of the main body of data 1003 
10 while in a further embodiment, a part or parts of the main body of data 1003 contains information indicating 
or otherwise assisting in the determination of the location of the other parts of the main body of data 1003, 
while in a still further embodiment, the various parts of the main body of data 1003 arc located without 
reference to information provided by either metasector 802 or other parts of the main body of data 1003. Of 
these various embodiments, the preferred method places in the metasector the location information for at 
1 5 least the first grouping of cells of the main body of data. If less than all location information is placed in the 
metasector, the preferred method would place in the main body of data's first grouping of cells the location 
information for at least the next grouping of cells. Determination of the landmark and metasector locations 
therefore facilitates determination of locations of a series of non-contiguous parts of the main body of data. 
Location of cells within non-contiguous parts of the main body of data is aided by another aspect of the 

20 invention - i.e., the intermittent series of formattable markers. In some embodiments, the number and size of 
the separate parts of the main body of data 1003 are fixed by information contained in metasector 802 or 
other parts of the main body of data 1003. In other embodiments, the number and/or size of the separate 
parts of the main body of data 1003 are not fixed. The method of decoding continues searching for 
additional parts until no more are found, either because the entire substrate has been searched or because the 

25 succession of location references from part to subsequent part ceases. 

While the result of the method of encoding is sometimes a single digitally encoded substrate, in 
some instances the preferred embodiment produces a plurality of digitally encoded substrates from one or 
more computer files or series of digital data values. Utilization of multiple substrates may be called for 
particularly when the amount of data or the size of one or more computer files exceeds the limits of what can 

30 be encoded on a single substrate. Thus, computer files or other digital data of virtually unlimited sizes can be 
encoded. 

In a further embodiment, a plurality of dataules are encoded onto a single digitally encoded 
substrate. The encoding into multiple dataules may be particularly called for to facilitate in the navigation 
to particular digital data. For example, a newspaper page might contain several articles with a separate 
35 datatile alongside each article with digital data (such as a digital representation of the article itself) relevant 
to the particular article. Multiple dataules on one substrate may also be used such that each is decoded in 
sequence in order to provide a steady stream of data once the first datatile is decoded instead of waiting for 
an entire page to be decoded. In some embodiments this steady stream of data is used for some further 
application, where the computer decodes datatiles and executes this further application on such a 
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substantially contemporaneous basis as to be transparent to the user. In one such embodiment, the method of 
decoding is integrated with application software that displays video clips and plays audio files such that 
datatiles are decoded, video displayed, and audio played on a substantially contemporaneous basis. 

FIG. 1 1 illustrates a digitally encoded substrate containing multiple datatiles, each originally 
5 produced by the preferred embodiment of the invention and then enlarged 250% in each dimension for 
illustration purposes. The first two datatiles, 1 101 and 1 102, were intended to be decoded by using a fax 
machine as a scanner. The third datatile, 1 103, was intended to be decoded by using a flatbed scanner with 
an optical resolution of no less than 300 dpi scanning 256 levels of gray scale. Datatiles 1 101 and 1 102 are 
two datatiles that together contain one computer file. Datatile 1 103 contains one whole computer file. The 

10 one computer file contained in datatiles 1 101 and 1 102 contains 1,866 bytes of text while the one computer 
file contained in datatile 1 103 contains 3,112 bytes of text. While a flatbed 300 dpi scanner can successfully 
decode the originals (i.e., at their original size) of all three datatiles, 1 101, 1 102, and 1 103, using a fax 
machine as a scanner, the invention can successfully decode only datatiles 1 101 and 1 102 (at their original 
size). Thus, FIG. 1 1 illustrates another feature of the invention - the ability to convey a base amount of data 

15 to all recipients regardless of their scanners' capabilities by formatting at least one datatile using the lowest 
common denominator while providing significantly more data to those with more powerful scanners. 

FIG. 12 illustrates a digitally encoded substrate containing multiple datatiles, all produced by the 
preferred embodiment of the invention, all depicted at their actual, original size. The first two datatiles, 
1201 and 1202, are intended to be decoded by using a fax machine as a scanner. The third datatile, 1203, is 

20 intended to be decoded by using a flatbed scanner with an optical resolution of no less than 300 dpi scanning 
256 levels of gray scale. Datatiles 1201 and 1202 are two datatiles that together contain one computer file. 
Datatile 1203 contains one whole computer file. The one computer file contained in datatiles 1201 and 1202 
contains 28,371 bytes of text while the one computer file contained in datatile 1203 contains 48,102 bytes of 
text. 

25 The method of encoding of the preferred embodiment is capable of producing multiple datatiles (or 

series of datatiles) each of which contains the identical file or files and are distinguished from each other by 
their unique identification tag. This capability allows each datatile to contain a unique password, for 
example, while minimizing the amount of computing necessary to format each datatile. Each of the 
formatted patterns represented by the datatiles are preferably identical to each other except for that part of the 

30 pattern expressing the unique identification tag. In this fashion, a multiplicity of datatiles conveying the 
same data can be formatted using as a template a pattern containing everything but the identification tag and, 
for each datatile, completing the datatile by adding to the template a second (and much smaller) pattern 
representing the identification tag. In the preferred embodiment, the identification tag is added to the main 
body of data at the end (i.e., in the lower right corner of the datatile, following the file or files intended to be 

35 conveyed). In a further embodiment, the identification tag is added to the metasector - one grouping of 
metasector cells 8 cells wide by 5 cells high is capable of expressing 2 40 unique identifications. In still 
further embodiments, the identification tag is a pattern near but not within the metasector or main body of 
data of the datatile. This last embodiment facilitates first photocopying the template pattern then adding the 
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identification tag in a second step. Because the identification tag is not part of the metasector or main body 
of data of the datatile, the embodiment is more tolerant of any misregistration caused by outputting in 2 steps. 

One embodiment would express different logical states for each cell by the placement of spots with 
different attributes. Depending on the embodiment, the attributes that could vary to express different logical 
5 states include spot size, spot color, ink type, and spot shape. In one such embodiment, illustrated in FIG. 13, 
each cell contains a spot Each spot has one of two sizes. Markers 301, bordering the data cells, are 4 pixels 
wide by 3 pixels high. Each data cell contains one bit of information expressed by two logical states. A first 
logical state, exemplified by spot 1302, is expressed by a spot 3 pixels wide by 3 pixels high. A second 
logical state, exemplified by spot 1303, is expressed by a spot 1 pixel wide by 1 pixel high. In this fashion, 

10 each cell contains a spot of one of the two sizes. In instances where a self-clocking mechanism is called for, 
this embodiment would have the advantage of providing such a mechanism. 

In a further embodiment, each cell represents more than one bit where a plurality of bits are 
expressed by spots of different sizes and colors. FIG. 14 is an enlarged view of a substrate produced by such 
an embodiment containing markers 301 and cells 1402, 1403, 1404, 1405, 1406, 1407, 1408, and 1409. 

15 Markers 301 are of uniform size, 4 pixels wide by 3 pixels high, and color, black. FIG. 14 contains cells 
each of which represents 3 bits in a series of digital data values. Each cell has one of eight different logical 
states with one logical state expressed by the absence of a spot and each of the other logical states expressed 
by a spot with either a size or color different from a spot expressing any other logical state. Cell 1402 
contains a black spot 3 pixels wide by 3 pixels high. Cell 1403 contains a black spot 2 pixels wide by 2 

20 pixels high. Cell 1404 contains a black spot 1 pixel wide by 1 pixel high. Cell 1405 is blank. Cell 1406 
contains a gray spot 3 pixels wide by 3 pixels high. Cell 1407 contains a gray spot 2 pixels wide by 2 pixels 
high. Cell 1408 contains a gray spot 1 pixel wide by 1 pixel high. Cell 1409 contains a black spot 1 pixel 
wide by 1 pixel high surrounded by a gray border 1 pixel wide on all sides. Hence, cells 1402, 1403, 1404, 
1405, 1406, 1407, 1408, and 1409 are examples of each of the eight different logical states that a cell can 

25 express. 

FIG. 15 illustrates the use of more than one cell size in the same datatile. A user of the invention 
may desire to select such a configuration when, for example, one cell size is too small and the next larger cell 
size wastes space. If a user determines that dot gain prevents a smaller cell size from accurately conveying 
data, this embodiment allows the user to alternate cell sizes between a smaller size and the next larger size to 

30 overcome the problem while making the most efficient use of space. It is a reasonable inference that the 
technique of different cell sizes can increase the density of information. Any spot either within a larger cell, 
or within a smaller cell contiguous to a larger cell, will enjoy greater separation from at least one 
neighboring spot than it would if all spots were within smaller cells. This will serve to reduce the bit errors 
that will be introduced in decoding, since the number of bit errors depends critically on the separation. The 

35 reduction of bit errors in turn can allow the correct decoding of the information in cases in which it would be 
impossible if all cells were of the smaller size. 

FIG. 15 references markers 301. and spots 1502, 1503, 1504, and 1505. The elements in FIG. 15 
are enlarged for purposes of illustration and explanation. While spots are considered in FIG 15 to occupy the 
upper left corners of cells for illustration purposes, it should be understood that this is just one possible 
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embodiment - another embodiment for example, places a spot in the center of cells. Markers 301 are 4 
pixels wide by 3 pixels high. Each of the spots is 3 pixels wide by 3 pixels high. The first column is 
formatted to include cells that are 3 pixels wide and 4 pixels high and accordingly, spots 1502 and 1503 are 
in cells 3 pixels wide and 4 pixels high. The second column is formatted to include ceils that are 4 pixels 

5 wide by 4 pixels high and, accordingly, spot 1504 is in a cell 4 pixels wide by 4 pixels high. Because the first 
column has been formatted such that its width equals the width of any spot, a spot in the first column directly 
adjoins a spot in the same row in the second column, as illustrated by spots 1503 and 1504, which together 
appear to be one spot twice as wide as high, but are in fact two distinct spots. Because the second column has 
been formatted to be wider than any spot, any spots in the same row in the third column will not directly 

10 adjoin spots in the second column. Accordingly, spot 1504 does not directly adjoin spot 1505. 

DECODING 

Formatted digital data produced by the invention must be decoded in order to reconstruct the 
original computer files or other digital data. The manner in which the preferred embodiment accomplishes 

15 the decoding is illustrated in FIGS. 16, 17, 18, and 19. FIGS. 16, 17, and IS are block diagrams describing 
processes relating to decoding, while FIG. 19 is an enlarged portion of a digitally encoded substrate used to 
illustrate the steps diagrammed in FIG. 18. FIG. 16 describes the method of decoding * i.e., the broad 
perspective of how a digitally encoded substrate is decoded. Included in the steps according to this broad 
perspective is step 1602, the decoding process. FIG. 17 describes the preferred embodiment of the decoding 

20 process. Included in the steps according to this preferred embodiment are steps 1704 and 1706, both of 
which involve decoding a grouping of contiguous cells. Decoding a grouping of contiguous cells involves a 
process of recovering digital data values from the grouping. FIG. 18 is a block diagram describing the 
preferred embodiment of that recovery process. Thus, FIG. 16, 17, and 18 should be understood as 
illustrating increasing detail of the manner in which the preferred embodiment reconstructs the original 

25 computer files or other digital data. 

The overall method of decoding a substrate comprises, at a minimum, the steps of scanning (i.e., 
creating an electronic image of the substrate) and decoding. In the preferred embodiment, the method of 
decoding further comprises the steps of error correction, error detection, and decompression. This 
embodiment is illustrated in FIG. 16. The digitally encoded substrate is first scanned (processing block 

30 1601). In a preferred embodiment, this scanning occurs using a flatbed scanner attached to a personal 

computer. In further embodiments, the scanning occurs using a handheld scanner, a sheet-fed page scanner, 
a business card scanner, a drum scanner or another type of scanner attached to a personal computer. It 
should be understood that the universe of scanners which may be used is not limited to those attached to 
personal computers but could include any scanner capable of producing an electronic image. In a still further 

35 embodiment, a facsimile machine is used as a scanner, whereby a digitally encoded substrate is fed through 
the facsimile machine to produce a scan of the datatile. The fax machine may connect to the computer 
through telephone lines (i.e., by the normal process of transmitting a facsimile from one facsimile device to 
another by causing the facsimile machine to place a telephone call to a fax/modem attached to the computer), 
through a device connected to both the facsimile machine and the fax/modem (connected to the computer) 
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which simulates a telephone line, or directly by a telephone wire connected to both the facsimile machine and 
a fax/modem which is connected to the computer. The result of the scanning is an image of the digitally 
encoded substrate, such image residing in the memory, fixed drive or other storage component of the 
personal computer. The image is preferably stored as a bitmap image. Note that the stored image only 
5 approximates the pattern placed on the digitally encoded substrate produced by the encoding process. Errors 
produced by the scanning process, such as misregistration, artifacts due to crimps and folds, skew, and 
scanner defects, may prevent the stored image from exactly representing the digitally encoded substrate. 

The stored image is then decoded (processing block 1602). The decoding process identifies cells 
(i.e., the locations of possible spots) in the stored image and determines for each cell, at a minimum, the 
10 presence or absence of a spot. The aggregation of these determinations results in a series of digital data 
values. Further embodiments make additional determinations that may include the color and size of a spot 
present, if any. These further embodiments depend on embodiments of the encoding process that provide for 
encoding of spots that vary in color or size. The result of these further embodiments is likewise a scries of 
digital data values, but each cell represents more than one bit of that series of digital values. 
15 The series of digital data values resulting from decoding process 1602 is then subjected to error 

correction and detection processing (processing block 1603). This step 1603 is the inverse of the error 
correction encoding which occurred during encoding (FIG. 2). The error detection and correction occurs by 
using the codewords with redundant parity bits added during encoding (FIG. 2) to correct errors which may 
have occurred. The error correction compensates for the loss of data due to damage to the paper or due to the 
20 failure to predict the cell location correctly. The errors may be attributed to staples, hole punches, folds, 

crumples, paper discoiorations, technical problems, imperfections introduced in the scanning process or other 
imperfections. 

Once any required error correction is performed, the stream of digital data values is decompressed 
(processing block 1604). The decompression performed depends on the compression performed during 
25 encoding and is performed to restore the data to its original form. 

After decoding (processing block 1602), error detection and correction (processing block 1603) and 
decompression (processing block 1604), the reconstructed computer files or other digital data can be stored 
on a disk, displayed, or otherwise used by the computer doing the decoding. 

Decoding process 1602 of the preferred embodiment of the invention (FIG. 8, described above, 
30 illustrates a digitally encoded substrate produced by the preferred embodiment) takes advantage of the wealth 
of information provided in the encoding process. Decoding process 1602 of this preferred embodiment 
achieves a pyramid gain of knowledge: finding the landmark conveys knowledge on where to find the 
metasector, as well as its dimensions, the metasector conveys knowledge on where to find the main body of 
data and how precisely to extract data from that main body of data, and the main body of data conveys the 
35 underlying computer files or other digital data. 

While the method of decoding is described above by reference to a single datatiie, the preferred 
embodiment allows the same steps to be applied to each of a series of datatiies. In one such instance, 
multiple substrates contain, in the aggregate, more than one datatiie while in a further instance, a single 
substrate contains multiple datatiies, as illustrated in FIG. 1 1 and FIG. 12. The method of decoding of the 
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preferred embodiment applied to multiple datatiles first scans all datatiles and then applies all of the 
remaining steps (1602, 1603, and 1604) to each datatile before proceeding to the next datatile. Another 
embodiment applies all of the steps of FIG. 16 to each datatile before proceeding to the next datatile. A 
further embodiment applies each step to all datatiles before proceeding to the next step. With each 
5 possibility, an automatic document feeder attached to a scanner facilitates the creation of images which are 
then subject to the decoding process. It should be understood that the method of decoding can also be applied 
to multiple datatiles not encoded on substrates but, instead, are always in electronic form, as in the case of a 
facsimile transmission of datatiles from a fax/modem to a fax/modem. 

FIG. 17 illustrates the decoding process achieving a pyramid gain of knowledge according to the 

10 preferred embodiment. The process may be generally described as one in which the locations of metasector 
cells are determined, the information in the metasector cells is derived, the locations of cells in the main body 
of data are determined and the data in the cells of the main body of data is derived. The steps of determining 
the locations of cells in the main body of data and deriving the data from those cells is performed by using 
the information conveyed by the metasector cells. In the case of multiple datatiles forming one series of 

1 5 digital data values, the entire sequence of steps of FIG. 1 7 are preferably applied to one datatile before 
proceeding to the next datatile. 

First, the decoding process finds the landmark (processing block 1701). In a digitally encoded 
substrate produced by the preferred embodiment of the invention (as illustrated in FIG. 8, described above), 
this landmark consists of two dark bars located at the upper left comer of the datatile, with the first dark bar 

20 having a height significantly greater than its width and a second dark bar located near the first dark bar with 
the second dark bar having a width significantly greater than its height The decoding process can find the 
two bars due to their unique characteristics. The decoding process looks for a series of contiguous dark 
pixels. Having found such a series of contiguous dark pixels, the decoding process tests whether a series of 
contiguous dark pixels of a calculated number extends in the orthogonal direction, with the calculated 

25 number determined by reference to the number of pixels extending in the first direction and the predefined 
ratios of width to height. The decoding process then attempts to determine the orientation of the first bar - 
i.e., whether the image has been skewed resulting in the first bar being skewed. Determination of orientation 
is accomplished by locating the corners of the first bar and judging skew by the relative location of these 
corners. Location of the corners of what might be a first bar further aids determination of whether the first 

30 bar has in fact been found. The corners of the first bar should be a certain angle and distance in pixels from 
each other. If the decoding process locates the appropriate angle and distance in pixels between corners, the 
decoding process assumes for purposes of further testing that it has found a first bar of the landmark. The 
decoding process then determines whether a second bar exists at a location determined by reference to the 
first bar. Existence of a second bar is accomplished by likewise locating a calculated number of consecutive 
35 dark pixels extending in one direction, and a second calculated number of dark pixels extending in the other 
direction, with the calculated numbers of pixels in each direction determined by reference to the size of the 
first bar and the predefined ratios of heights and widths. It should be understood that while the process 
described assumes certainty in the relative size and location of the bars comprising the landmark, the 
preferred embodiment allows for some latitude. The degree of latitude involves a tradeoff, with too much 
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flexibility introducing the possibility of the decoding process concluding that it has found a landmark, where 
none in fact exists, and too little flexibility forcing the conclusion that it can find no landmark, where a 
landmark in fact exists. Any person skilled in the art would be able to determine an appropriate degree of 
flexibility. It should be further understood that in other embodiments of the invention, landmarks of a 
5 different size, shape or appearance are used, or no landmark at all is used. In each of these further 
embodiments, the steps described above are modified or omitted. 

The next step toward knowledge acquisition comprises locating the metasector (processing block 
1702). As illustrated in FIG. 8, described more fully above, the metasector of the preferred embodiment is 
located at a predefined location relative to the landmark, that location being generally to the right of the 

10 landmark. Having already located the landmark, processing block 1701, the decoding process knows where 
the metasector should be in the image of the digitally encoded substrate. The decoding process determines the 
distance of the metasector from what it knows about the landmark. Once it determines the width and height 
of the landmark's horizontal and vertical bars in image pixels, it can calculate the ratio of image pixels to 
printed pixels in the "base" case described earlier by reference to FIG. 8. This allows it to calculate the 

1 5 displacement in number of image pixels of the first column of metasector markers from the landmark, for the 
other columns of markers in the metasector, and the expected size and distances, in image pixels, of these 
markers and of the spots. The decoding process finds the metasector by finding the first column of 
metasector markers based on what is known about the location of the landmark in the image, the relative 
location of the metasector to the landmark in printed pixels and the ratio of image pixels to printed pixels. 
20 The decoding process preferably allows some degree of latitude in making this determination of location and 
dimensions. 

Having found the metasector (processing block 1702) the decoding process then finds the metasector 
markers, processing block 1703. In the preferred embodiment (as illustrated in FIG. 8 described above) the 
metasector includes 27 metasector markers, 9 columns of 3 evenly spaced markers, with one column of 

25 markers bordering each of the left and right sides of the metasector. In addition to having predefined 

locations, the metasector markers of the preferred embodiment have a size predefined to be different from the 
metasector data spots. The decoding process determines where the metasector markers should be and then 
confirms those locations or adjusts to the actual locations as necessary. Because the number of metasector 
markers and the number of cells between these markers is fixed in the preferred embodiment, this 

30 determination is straightforward (as described more fully below with reference to FIG. 18). 

Another embodiment of the invention provides for an abbreviated metasector, such an abbreviated 
metasector being warranted when, for example, customary practice of consumers limits the variety of formats 
actually used. The metasector format in the preferred embodiment expresses enough information to allow the 
main body of data to assume a vast variety of formats. Yet after considerable experimentation by consumers, 

35 it may be that only a relatively small number of such formats enters widespread use. These formats may be 
adequately captured by a much abbreviated metasector, that only permits these commonly used formats to be 
specified. 

In a further embodiment there are a finite number of possible formats for the metasector. Each of 
these is searched for, until one is found that conforms to a known possibility. This can be safely done, since 
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it will be certain whether the metasector has been correctly interpreted. Each metasector has a checksum 
associated with it that can guarantee, to any specified level of certainty, that the information decoded is 
wholly correct. And of course the metasector might also be in the form of a standard linear barcode, with its 
own notion of error detection. 
5 It is likewise true that the main body of data might have a finite number of expected formats, which 

are the most commonly used formats, and even in the absence of a metasector, could be correctly decoded 
simply by cycling through the possibilities until one is found that works. The correctness of the choice would 
again be assured by a checksum in the main body of data. 

The decoding process then decodes the data contained in the metasector (processing block 1704), 
10 such information being located in cells in between the metasector markers. The preferred method of 

decoding the metasector is as illustrated in FIG. 18, described below. The result of the decoding process is 
primarily information relating to the encoding process. The decoding process uses this information to 
decode the main body of data (processing block 1706). The metasector can also contain information not 
used in the decoding process, such as the time and date the datatile was created. This information, as well as 
1 5 other information not directly related to the decoding, can likewise be contained in the main body of data. 

The penultimate step in knowledge acquisition involves locating the main body of data, processing 
block 1705. As illustrated in FIG. 8 described above, a preferred embodiment places the main body of data at 
a predefined location relative to the landmark and the metasector. The decoding process pursuant to this 
embodiment searches for a first marker of the main body of data at or near this predefined location in the 
20 image of the digitally encoded substrate. 

The final step in knowledge acquisition is decoding the main body of data, processing block 1706. 
The decoding process preferably accomplishes this by employing the same basic process used to decode the 
metasector, as illustrated in FIG. 18. The mechanics differ primarily to reflect the peculiarities of the main 
body of data relative to the metasector. In particular, the mechanics of decoding the main body of data take 
advantage of the wealth of information provided in the metasector. While the metasector has preferably been 
encoded in a rigid or semi-rigid fashion with each metasector having the same or largely the same format as 
any other metasector produced by the method of encoding, the main body of data is preferably encoded in a 
user selectable format which can vary widely. For example, while every metasector is preferably encoded 
with cells of a constant or largely constant low resolution, the main body of data may be encoded with cells 
whose size can vary greatly among datatiles. The mechanics of the decoding process for the main body of 
knowledge considers the flexibility allowed by the method of encoding, with the details of the encoding 
process contained in the metasector and communicated by the pyramid gain of knowledge approach of the 
preferred embodiment. The manner in which the decoding process uses these details is illustrated in FIG. 
19, and discussed below. 

The metasector, when present, should generally contain at least the version number, the multiple of 
the -base" printed dimensions of the landmark and metasector, the width and height of the markers, the 
number of rows of spots per marker, the distance between markers and spots, the horizontal distance between 
spots (i.e., the difference between Cell Width and Spot Width), the distance between rows of spots (i.e., the 
difference between Cell Height and Spot Height), the width and height of the spots, the type of checksum in 
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the data sectors, the type of printer (e.g., laser or inkjet), the type and degree of error correction, and finally a 
checksum to guarantee the correctness of the information. In the preferred embodiment the metasector 
contains, in addition to the above information, the number of data segments per datasector, the number of 
datasectors down, the number of datasectors across, and the size of the data contained in the data portion of 
5 the pattern. However, in another embodiment this additional data is instead placed in the main body of data 
of the pattern by placing it in the top rows of the first portion of the main body of data. 

The version of the metasector indicates the precise format and nature of the data fields contained 
within the metasector. It may also be used to indicate peculiarities of the format of the main body of data of 
the pattern - for example, the size of the header information in the main body of data. 
10 The result of the decoding process is a series of digital data values. This series of digital data values 

is the unprocessed data stream from which the method of decoding derives the original computer files or 
other digital data after applying decompression and, possibly, decryption processing. 

The basic process for recovering data from cells is preferably the same whether the cells are 
contained in the metasector or in the main body of data. FIG. 18 illustrates this recovery process as applied 
15 to an image of a digitally encoded substrate produced by a preferred embodiment of the invention, an 
example of which is illustrated in FIG 8. The recovery process sequentially finds the point in each cell 
representing the center of where a spot might be printed and for each cell determines whether a spot exists at 
that location. In the first step, processing block 1801, the recovery process locates the first marker in the 
image of the metasector or the main body of data, as the case may be. The recovery process then locates the 
20 center at that first marker, processing block 1802. The recovery process then locates the center of the nearest 
marker displaced horizontally, preferably the marker to the immediate right, and the nearest marker 
displaced vertically, preferably the marker immediately down from the first marker, processing block 1803. 
The markers are found by first locating the topmost, leftmost marker. This is done by examining the region 
where the marker is expected, looking through vertical strips of pixels from right to left until all the vertical 
25 strips are "white." This will determine where the leftmost dark pixels in the marker are. Next, horizontal 
Strips are examined from bottom to top, noting where all the strips turn white. This determines where the 
topmost dark pixels in the marker are. The precise center of the marker is then determined by finding all the 
contiguous dark pixels, and finding the centroid of this group of pixels. Once the top left marker is found, 
the top marker for the next column is determined in the preferred embodiment by moving the known 
30 displacement across the image, and finding the precise top of the marker by repeating the process described 
for finding the top of the top, left marker. Again, the precise center is found by finding the centroid of the 
contiguous dark pixels. The markers down the column are found by the preferred embodiment by 
progressing down the image from a previously determined marker, examining ontal strips of pixels, and 
detecting when the combined intensities of the pixels in the strip dips signifies as is characteristic when 
35 a new marker is encountered. In another embodiment, markers down are determined by first moving down a 
known displacement to determine the approximate location of the next marker, then searching for the 
centroid pixel of the marker. 

The recovery process then determines for each cell in between the first marker and the next nearest 
markers displaced vertically and horizontally the point in the cell representing the center of where a spot 
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might be printed. The centers of spot locations are determined by locating the lines across the centers of the 
rows where spots might be printed in between the first marker and the next marker displaced vertically, 
processing block 1804, and then locating the lines down the centers of the columns where spots might be 
printed in between the first marker and the next marker displaced horizontally, processing block 1805. Each 
5 spot is preferably thought of as occupying the precise center of its corresponding cell. Accordingly, 
determining the lines across the centers of rows where spots might be printed equates to finding the lines 
through the centers of rows of cells. Likewise, determining lines down the centers of the columns where 
spots might be printed equates to finding the lines through the centers of columns of cells. 

Having found the centers of possible spot locations in between the first marker and the next nearest 

10 markers, the recovery process determines whether each cell is "on" or "ofF by determining whether a spot is 
present or absent at each of the possible spot locations, and accumulates these determinations. The recovery 
process accomplishes this subprocess by looping through a series of steps for each cell; processing block 1806 
establishes the loop for each cell. For each cell, the recovery process determines whether a spot exists at the 
point representing the center of where a spot would be if printed, processing block 1807. The center is 

15 determined as the intersection of the central line through the column and the central line through the row 
containing any such spot. It should be understood that the preferred embodiment makes more than a simple 
"yes" or "no" determination of whether a spot exists at a particular pixel. The preferred embodiment 
determines the level of gray scale of the center pixel and, depending on the gray scale level, determines that 
the cell contains a spot, determines that the cell does not contain a spot, or determines the need for further 

20 processing if it is too close to call. If it is too close to call, information about whether surrounding dots or 
spots are present or absent may be used to settle whether the spot is to be considered on or off. If surrounding 
the region of a potential spot, the neighboring potential spots appear to be mostly present the intensity of the 
region of the potential spot is generally depressed (i.e., darker). This is compensated for in the preferred 
embodiment by adding predetermined values to the intensity found in the region of the potential spot (i.e., 

25 the invention assumes that the region of the potential spot is lighter than what was actually found in the 
image). If a spot is determined to be present in the cell the recovery process starts (or, in subsequent 
iterations, adds to) a series of digital data values with a value of 1, processing block 1808. If, alternatively, a 
spot is determined to be absent from the cell, the recovery process starts (or, in subsequent iterations, adds to) 
a series of digital data values with a value of 0, processing block 1809. 

30 The next step, processing block 1810, determines whether to continue the loop. If all cells between 

the first marker and the next nearest markers have been tested for spots, the recovery process proceeds to 
processing block 1811. If cells remain to be tested for spots, the recovery process returns to the beginning of 
the loop at 1806, reiterating steps 1807 through 1810 for each cell. 

For each further marker or set of markers, the recovery process repeats the process described and 

35 illustrated in steps 1801 through 1810. The recovery process first determines whether an additional marker 
exists, processing block 1811. The recovery process determines this by calculating the number of markers 
encountered, and comparing this number with the number of markers expected. The number of markers 
expected by the preferred embodiment is based on a calculation derived from the number of datasectors 
down, the number across, the number of spots across a single row in a single datasector. the number of rows 
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of spots per marker, and the total size of the information in the printed pattern. If an additional marker 
exists, additional cells with data need processing to recover their data. The recovery process is repeated by 
first treating an adjacent marker as the primary marker of reference (described above as the first marker), 
processing block 1812, and then repeating steps 1801 through 1811. The preferable manner of choosing an 
5 adjacent marker is systematically. A preferred embodiment recovers an entire datasector before moving on to 
the next datasector A row of datasectors (i.e.. all datasectors across a datatile) are recovered before moving 
to the next row of datasectors. Within a datasector, the markers are chosen in a similar fashion - markers are 
sequentially chosen across an entire row, with rows sequentially chosen down the datasector. 

In the preferred embodiment, all datasectors within a datatile are decoded in order to recover all 
10 data encoded in that datatile. In another embodiment, less than all datasectors are decoded. This further 
embodiment might be preferable when, for example, a particular application requires some, but not all data 
conveyed in a datatile and the datatile is designed such that data is encoded in a predetermined organized 
fashion and the particular application accesses particular datasectors to seek particular data. Such an 
embodiment would save time and computational resources relative to decoding the entire datatile. Such an 
1 5 embodiment can also be employed to supply a steady stream of data to an application such that datasectors 
are decoded and the application software is executed both on such a substantially contemporaneous basis as 
to be transparent to the user (e.g., where the application software is a video player, the video player displays a 
continuous stream of video derived from the datatiles). In one such embodiment, a substrate is scanned to 
create an image of the datatile and the locations of all markers in the datatile are determined and stored in 
20 the fashion described above by reference to the preferred embodiment. The further steps of locating cell 
centers and spots are performed only as to the currently desired datasector or datasectors. ' 

In the preferred embodiment, the recovery process first exclusive-ORs the sequence of bits with 
precisely the same random sequence of bits that was employed in the encoding process, described above by 
reference to FIG. 2. Whether or not the sequence of bits is thus altered, the recovery process now 
25 reconstructs codewords from the sequence. The codewords are interpreted to produce the original data. The 
ultimate result of the recovery process is, then, a series of digital data values. The information expressed by 
this series of digital data values depends on the source of the recovery. In the case of recovery of data from a 
metasector, the series of digital data values represents the information contained in the metasector, primarily 
the format parameters used to encode the main body of data. In the case of the main body of data, the series 
30 of digital data values produced is the unprocessed data from which the method of decoding produces the 
original computer files or other digital data after further processing that includes decompression and, 
possibly, decryption. 

The recovery process has further embodiments reflecting the different embodiments of the method of 
encoding. Where the method of encoding places multiple bits in each cell through the use of multiple colors 
35 (such as varying levels of gray), the recovery process preferably determines the centers of cells (i.e., the 
centers of possible spots) in a fashion described above but then determines not merely the presence of a spot 
at the celTs center but also the color of any spot present. 

Where the method of encoding places multiple bits in each cell through the use of multiple spot 
sizes, the recovery process again preferably determines the centers of cells in a fashion described above but 
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then determines not merely the presence of a spot at the cell's center but also the size of any spot present. In 
one embodiment, the size of a possible spot is preferably determined by first testing the center pixel of a cell 
(i.e., the pixel at the intersection of the lines through the column and row of the possible spot) to determine 
whether a spot exists. If a spot exists, this method of decoding then tests all contiguous pixels (i.e., pixels 
5 one pixel removed from the center pixel) and then, depending on the maximum size of possible spots, tests 
all pixels 2 pixels removed from the center pixel, and then retest pixels even further removed. This 
methodology can be applied to the datatile a portion of which is illustrated in FIG. 14. Cell 1409 contains a 
spot with a dark center and a gray border on all sides. The method first tests the center pixel, finding a dark 
spot. Depending on the printer/scanner resolution ratio, the method may continue to find dark pixels 

10 emanating out from the center pixel in the scanned image. Eventually, the method would encounter gray 
pixels. Having found both dark pixels at the oenter and gray pixels at the periphery, the method determines 
that the spot in cell 1409 represents the logical state expressed by a spot with a dark center and gray 
periphery. Spots such as those in cells 1402 and 1403 are determined by the dark pixels at the center and 
dark pixels on the periphery with the difference between the two spots determined by the number of pixels 

15 that are dark. Spots such as those in cells 1406 and 1407 are determined in a like fashion to the spots in cell 
1402 and 1403 except that gray is found in the center and surrounding pixels. Adjustments obvious to those 
skilled in the art are made where the pixel determined to be at a possible spot's center is not in fact at the 
spot's exact center. For example, if the centroid pixel of a spot differs from the pixel determined to be at the 
intersection of the column and row containing the spot, the centroid pixel is used as the starting point instead 

20 of the pixel at the intersection. 

In another embodiment, which can be applied where the datatile encodes multiple bits per cell by 
varying the size of spots or both the size and color of spots (other than variations of color based solely on 
intensity such as varying levels of gray scale), the method of decoding determines the intensity of each image 
pixel that may contain all or part of a particular spot, accumulates those intensities and compares the 

25 aggregate intensity to ranges of intensities that correspond to varying spot sizes to determine the size of the 
spot Where various colors were also used in encoding (e.g., cyan, magenta, yellow and black), the method 
of decoding determines both an aggregate intensity and color. 

Where the method of encoding employs multiple spot and cell sizes the recovery process is adjusted 
so as to determine each cell's center. The manner in which cell centers are determined would generally 

30 follow the recovery process described above except as adjusted to reflect the various sizes. Likewise, the 
recovery process is adjusted to reflect each of the other embodiments of the method of encoding where these 
requisite adjustments should be apparent to those skilled in the art of imaging. 

FIG. 19 illustrates the recovery process as applied to a portion of an image of a digitally encoded 
substrate produced by one embodiment of the invention. It should be understood that FIG. 1 9 represents a 

35 substantially enlarged view for the purpose of illustrating the process. FIG. 19 references the following 
parts: columns 1901 of markers, the distance from markers to the closest possible spots 1902, spot 1903, cell 
1904, center 1905 of the first marker, center 1906 of the next marker displaced horizontally, center 1907 of 
the next marker displaced vertically, line 1908 through the center of the top row of possible spots, line 1909 
through the center of the second row of possible spots, line 1910 through the center of the first column of 
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possible spots, Jine 191 1 through the center of the third row of possible spots, and line 1912 through the 
center of the last column of possible spots. The substrate has markers located in the image of FIG. 19 in 
columns 1901 consisting of 4 markers at the right and left perimeters of the image. These markers have 
dimensions 3 primer pixels wide by 3 printer pixels high. The distance from markers to the closest possible 
5 spots 1902 equals 5. Each spot, such as spot 1903, is 3 printer pixels wide by 2 printer pixels high contained 
in a cell, such as cell 1904, which is 4 printer pixels wide by 3 printer pixels high. Each spot should be 
understood as occupying the precise center of its corresponding cell. Accordingly, each cell containing a spot 
has a blank border 0.5 printer pixels wide along the right, left bottom, and top of the cell. Also, the lines 
through the centers of any rows or columns of possible spots are the same as the lines through the centers of 
10 any corresponding rows or columns of cells. The number of spots per segment, 15, is illustrated in FIG. 19 
bythe 15 cells, some with spots, some blank, located between the 2 columns of markers There are 3 rows of 
possible spots between markers displaced vertically. The information concerning printer pixel sizes and 
distances, the number of rows between markers and the number of spots per segment is conveyed by the 
metasector of the preferred embodiment and is therefore known to the recovery process. 
15 Having found the first marker, the recovery process finds the center of that first marker, here located 

at 1905. In the preferred embodiment, pixels are determined to be part of the marker by virtue of having a 
gray scale level below a threshold. The coordinates of the pixels contained in the marker are averaged after 
being weighted to determine the center of the marker. The recovery process then determines the center 1906 
of the next marker displaced horizontally and the center 1 907 of the next marker displaced vertically through 
20 the process described above in steps 1802 and 1803 of FIG. 18. 

Having determined the centers of three reference point markers, the recovery process of the 
preferred embodiment uses that information, as weU as information conveyed by the metasector, to determine 
the lines through the centers of the columns and rows of possible spot locations. If an image has no skew, 
the line 1908 through the center of the top row of possible spots is determined to be one-half printer pixel 
25 higher than the vertical pixel coordinates of the center 1905 of the first marker and the center 1906 of the 
next marker displaced horizontally. This determination of the central line through the row is made due to a 
number of factors. First, the top of the first row of possible spots in FIG. 19 is known to be at the same 
location as the top of the highest markers in FIG. 19, this feature having been established as a convention of 
the preferred embodiment. Second, while the markers are known to be 3 printer pixels high any spots are 
30 known to be 2 printer pixels high - both heights are conveyed by the metasector. The recovery process can 
accordingly infer that the vertical centers of any possible spots in the first row should be 1 printer pixel down 
from the tops of the spots (a spot height of 2 printer pixels divided in half) while the vertical centers of 
markers should be 1.50 printer pixels down from the tops of the markers (a marker height of 3 printer pixels 
divided in half). Because the tops of the spots are known to be at the same location as the top of the markers, 
35 the recovery process can accordingly infer that the vertical centers of the row of possible spots is .50 (i.e., 
1.50 - 1.00) printer pixels higher than the markers' centers. Because the adjustment of one-half pixel is 
expressed in printer pixels and the vertical pixel coordinates of the marker centers 1905 and 1906 are 
expressed in image (e.g., scanner) pixels, and primer pixel size may differ from image pixel size, the 
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adjustment of one-half must be first multiplied by the image to printer pixel ratio to determine the actual 
adjustment in image pixels. 

The ratio of image pixels to printed pixels is determined immediately after decoding the metasector. 
The dimensions of the metasector in image pixels (e.g., its overall length) are known after decoding it. In 
5 addition, the metasector internally expresses the multiple the metasector dimensions are, in printed pixels, of 
the "base" case (by convention, configured to be printed at 300 dpi, and scanned in at 400 dpi.). The ratio of 
image pixels to printer pixels is therefore the length of the metasector in image pixels, divided by the product 
of the multiple and the length of a metasector in printed pixels in the base case. 

The recovery process determines the centers of subsequent rows of possible spots by reference to the 

10 relative printer pixel displacement from the top marker to the next marker displaced vertically. The recovery 
process first determines the printer pixels down from the center 1905 of the first marker to the center of each 
such subsequent row of possible spots. The recovery process determines this printer pixel distance by adding 
one-half the printer pixel spot height, the product of multiplying the printer pixel cell height by the number 
of rows down a particular row is from the top row, and subtracting one-half the printer pixel marker height. 

1 5 The recovery process would then determine the total printer pixels down from the center 1905 of the first 
marker to the center 1907 of the next marker displaced vertically. This is here determined to be 9 by 
multiplying the number of rows of possible spots between markers of 3 by the cell height of 3. A ratio of 
printer pixels down for each row to the total printer pixels down between centers 1905 and 1907 is then 
computed. The recovery process then determines the image pixels down between the centers of the first 

20 marker and of the next marker displaced vertically, 1905 and 1907, respectively. For each row, the recovery 
process multiplies the printer pixel ratio for the row by the total image pixels between centers 1905 and 1907. 
The result is the image pixels down for the central line through each such subsequent row. 

If for example, the digitally encoded substrate was printed at 300 dpi and scanned at 600 dpi with no 
skew or imperfections, the line 1909 through the center of the second row of possible spots would be 5 image 

25 pixels down from the center 1905 of the first marker. The line 1909 through the center of the second row of 
possible spots is 2.5 printer pixels down from the center 1905 of the first marker. The recovery process 
determines this by adding 1 (one-half the printer pixel spot height of 2) plus 3 (printer pixel cell height of 3 
multiplied by 1, the number of rows down from the first row to the second row), and then subtracting 1 .5 
(one-half the printer pixel marker height of 3). The total printer pixels down from the center 1905 of the 

30 first marker to the center 1907 of the next marker displaced vertically equals 9, rows per marker of 3 
multiplied by cell height of 3. These conclusions regarding printer pixels are inferred from information 
conveyed in the metasector and therefore known by the recovery process. The ratio of the printer pixels 
down from the center 1905 of the first marker to the line 1909 through the center of the second row of 
possible spots to the total printer pixels down between the center 1 905 of the first marker and center 1907 of 

35 the next marker displaced vertically equals 2.5:9. This ratio is then multiplied by the image pixels down 
between the centers 1 905 of the first marker and 1 907 of the next marker displaced vertically. The image 
pixels down between the centers 1905 of the first marker and 1907 of the next marker displaced vertically 
should equal 18 (a 600dpi scan should produce a distance in image pixels double the printer pixels produced 
by a 300 dpi printer). Multiplying the ratio 2.5:9 by 18 image pixels results in a determination that the line 
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1909 through the center of the second row is 5 image pixels down from the center 1905 of the first marker. 
Thus, for example, if the center 1905 of the first marker has a vertical image pixel coordinate of 70 (i.e., 70 
image pixels below the top edge of the image produced by the scanner), then the line 1909 through the center 
of the second row has a vertical image pixel coordinate of 75. 
5 Having determined the lines through the centers of the rows of possible spots, the recovery process 

determines the line 1910 through the center of the first column of possible spots. The line through the center 
of each column of possible spots is determined by reference to two factors, first, the ratio of the printer pixel 
distance of that column's central line from the center 1905 of the first marker to the printer pixel distance 
from the center 1905 of the first marker to the center 1906 of the next marker displaced horizontally, and 
10 second, the image pixel distance from the center 1905 of the first marker to the center 1906 of the next 
marker displaced horizontally. The recovery process determines the line 1 9 10 through the center of the first 
column of possible spots to be 8 printer pixels to the right of the center 1905 of the first marker. The 
recovery process makes this determination by using information conveyed in the metasector. The Marker 
Width parameter was set at 3, the Marker to Spot parameter was set at 5, and the Spot Width parameter was 
15 set at 3. Accordingly, the horizontal distance from the center 1905 of the first marker to the line 1910 
through the center of the first column should equal the sum of one-half the marker width, 3 x .5 = 1.5, the 
marker to spot distance of 5 and one-half of the spot width, 3 x .5 * 1.5. This sum equals 8. For each 
subsequent column, the recovery process adds to this printer pixel distance of 8 the product from multiplying 
the printer pixel cell width of 4 by the number of columns the subsequent column is displaced from the first 
20 column. The recovery process then computes the total distance in printer pixels from the center 1905 of the 
first marker to the center 1906 of the next marker displaced horizontally. This computation is performed by 
summing the following distances measured in printer pixels as communicated by the metasector: the distance 
from the center 1905 of the first marker to the center of the first spot, 8 (8 = .5 x printer pixel marker width 
of 3 + the distance from markers to the closest possible spots 1902 of 5 + .5 x printer pixel spot width of 3), 
25 the distance of 56 from line 1910 through the center of the first column of possible spots to the line 1912 
through the center of the last column of possible spots (56 = cell width of 4 x 14, the number of columns 
separating the centers of the first and last columns determined by subtracting 1 from the Spots per Segment 
of 1 5), and the distance from the center of the last spot to the center 1 906 of the next marker displaced 
horizontally from the first marker of 8 (8 = .5 x printer pixel marker width of 3 + the distance from markers 
30 to the closest possible spots 1 902 of 5 + .5 x printer pixel spot width of 3). This sum equals 72. The 

recovery process then determines the total distance in image pixels from the center 1905 of the first marker 
to the center 1906 of the next marker displaced horizontally. The lines through the centers of the columns of 
possible spots, in image pixels displaced from the center 1905 of the first marker, are then determined by 
multiplying this total distance in image pixels by the ratio of the printer pixels from the center 1905 of the 
35 first marker to the line through the center of each column of possible spots to the total printer pixel distance 
from the center 1905 of the first marker to the center 1906 of the next marker displaced horizontally. 

If, for example, the digitally encoded substrate was printed with a 300 dpi printer, scanned with a 
600 dpi scanner, and the printing and scanning processes had no imperfections, the line 1910 through the 
center of the first column of possible spots should be 16 image pixels to the right of the center 1905 of the 
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first marker. Thus, if the horizontal image pixel coordinate of the center 1905 of the first marker is, for 
example, 1 10 image pixels to the right of the leftmost edge of the image produced by the scanner, the line 
1910 through the center of the first column of possible spots would have a horizontal image pixel coordinate 
of 126. The total distance from the center 1905 of the first marker to the center 1906 of the next marker 
5 displaced horizontally should be 144 image pixels, double the primer pixel distance of 72, because the 

scanned image should twice as large in pixels as the printout due to a scanner with twice the resolution. This 
distance of 144 image pixels is multiplied by the ratio 8:72 to determine the horizontal distance in image 
pixels from the center 1905 of the first marker to the line 1910 through the center of the first column of 
possible spots. The product, 16 image pixels, is added to the horizontal image pixel coordinate of 1 10 of the 

10 center 1905 of the first marker to produce the horizontal image pixel coordinate of 126 for the line 1910 
through the center of the first column of possible spots. A similar methodology is employed to determine the 
lines through the centers of each subsequent column of possible spots. 

Having determined the lines through the centers of rows of possible spots and the lines through the 
centers of columns of possible spots, the recovery process can then look to the intersection of the row and 

15 column central lines for each possible spot to determine if a spot is in fact present or absent. Accordingly, 
the recovery process can thereby determine one bit of the series of digital data values. These determinations 
may depend on contextual information. Thus, if all the spots in all surrounding cells are present (i.e., "on"), 
it may very well be that the cell is relatively dark, even though no spot is present. In such a case, an 
adjustment in the threshold for calling a bit on or off may reduce bit errors. 

20 While the description above made by reference to FIG. 18 and FIG. 19 is sufficient to allow one 

skilled in the art to implement the decoding process, the following routines provide more explicit detail of a 
methodology to decode a grouping of cells and markers constituting a datasector. The primary routine listed 
below is "findmarkers" which in turn calls other routines, including "decodedotstripnew". 

25 void decodedotstripnew(fioat x_bar,float y.bar, float lastxstrip, float Kastystrip, 



float pixiToPixp,BYTE huge * in,BYTE huge *outbuf,MEMORYSTRUCT 



memoryStnict, 



30 



BYTE huge *savelt,int huge *histpix,int huge *XlndTable,char * dummyfillarray, 

char * dummyfill,BYTE huge *workS,int * noHeaderCalledOn,im * noHeaderCalledOff, 

long * totalHeaderCalledOnJong ♦ totalHeaderCalledOff,int 'noCloseCallsSegment, 

int *noCioseCalls,long huge * errorArray,int errorlnd,int * errorI,int dataRow, 

float maxYAdj£>efined,float minYAdjDefined,float yIncrAdj,int adjustListlncr, 

int nolntervalsjong * outind,long cxDib, long cyDib,long jcorner, long jimage, 

int minempty,int *bitnumber, unsigned char *dummy0, long *totalbits, long 



35 



totalNumCodeBits, 



int horizontal,float invslope, int top, int headerant nearneighbor,int xind, int adjustDisUnt 



faxFile, 



int hypothesisjnt performCalibratioium * calBitRowStarUong * totallntCalBitOn, 
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int * numCalBitsOnJong * totailntCalBitOffjm • numCalBitsQffUnt 
processCloseCallArray, 

int calibratelnRow.int firstCalPatBitAcross,int numCalPatBitsAcross.int displaySpots) 

{ 

5 unsigned char dummy 1; 

int minCloseCall, maxCloseCall; 
float x,y,xincr,yiricr,distanceberA^ 

measuredDistnextdotx x£xcess,yExcess r truePixiToPixp,avgonent; 
long offset.yim.i^noCioseCalisSegmentQrrseUimgind; 
10 int nextChange,Ylnd,xExcessIO^ 

calBitcalBitOn,minemptyint,valueint; 
#define KERNELCOMPARESIZE 3 

float weight[KERNELCOMPARESIZE*KERNELCOMPARESIZEJ; 
float totaJwcight,valucrcal; 

int excessLexcess2xxcess3,exc£$s4,invokeKernel; 
static int huge * YlndTable; 
static BYTE huge * closeCall Array; 
static BYTE huge * closeCalllntensityArray; 
static int huge *closeCallList; 
float huge * adjustList; 
static BYTE huge *errorArrayImage; 
YlndTable = memoryStmct. YlndTable; 
adjustList = memory Struct. adjustList; 
closeCallArray - memoryStructxloseCallArray; 
closeCalllntensityArray = memoryStruct.closeCaJlIntensity Array; 
closeCallList = memoryStmct. closeCallList; 
errorArraylmage « memoryStruct.errorArraylmage; 
if (header&AfaxFile==2 ) 
invokeKernel"!; 
else if (hypothesis>MAXNUMBERREPROCESSES/2) 
invokeKernel=l; 

else 

invokeKernel*=0; 
if (invokeKemel){ 

nearneighbor=0; 
if (header) { 

weight[0]= 1 .0;weight[ 1 1 0;weight[2]= 1 .0;weight[3 ]= 1 .0;weight[4]= 1 .0; 
weight[5]= I 0;weight[6]= 1 0;weight[7J= 1 .0;weight[8]= 1 .0; 
} 
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else{ 

weight[O]=O.0;weight[ 1 )= 1 .0;weight[2]=0.0;weight[3]=l 0;weight[4 J=4.0; 

weight[51=1.0;wight[6]^.0;weight[7]=1.0;weightl8J==O.O; 

} 

5 totaJweight=0; 

for (k^;k<KERNELCOMPARESIZE*KERNELCONIPARESI2E;k-^) 
total weight+=weight[k]; 

} 

totalNumCodeBits^=600*8; /* pass in from outside ! */ 
10 dummyffll^ununyfflla^ 

prooessCloseCail Array= 1 ; 
if(*calBitRowStart){ 

*calBitRowStait~0; 
calBitOn-1; 
15 } 
else{ 

*calBitRowStart=l; 
calBitOn=0; 

> 

20 dummy 1=1; 

x_barlnd=(int)x_bar; 
Xlnd=0; 

if (nearneighbor){ 

x_bar+=0.5; 
25 y_baH*0.5; 

lastxstrip+=0.5; 

lastystrip+«0.5; 

minemptyint^(int)minempty; 

minCloseCaU=minemp^nt-M^ 
30 maxCloseCall=niinemptyint+MAXCLOSECALLDIFF; 

} 

elsc{ 

#define TESTTFREAL 0 

niinemptyim^int)minempty*64; 
35 minCl<»eCall a nninemptyint-MINCLOS 
maxCloseCall=minemptyint+MA^ 

} 

if (header) 

numspots=numberheaderspotsperseg; 
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numspots^numbcrspotsperseg; 
if (processCloseCallArray){ 

noCloseC^IlsSegmentOflrsct=(Iong)(dataRow+l)*(long)(numspots+^ 
closeCall Array [noCIoseCallsSegmentOfifsetJ^ 1 ; 
closcCalJ Arrayl noCloscCalIsSegmentQfifset+(nuxnspots+ 1 )]= 1 ; 
closeCaWntensityArrayfnoCloseCalisSeg 

closcCalIImensityArrayfnoCloscCaJIsScgmcntQ£Fsct+(nu^ 1 )]=mincmpty; 
> 

if(header){ 

tmcPixiToPixp^lasixsUip-x^barVdisibcthcadrnarkccnu 
mcasuredDist«sqrt((x_bar-lastxstrip)*(x_bar-lastxstrip)+ 

(y_bar-Iastystrip)*(y_bar-lastystrip)); 
tnicPixiToPixp^easuredDist/distbclheadmarkccnts; 
distanc^tweendots^stancebeiweenh^ 
ncxtdoU=distheadmarkcenttospotcent*truePixiToPixp; 
> 

clse{ 

tmcPixiToPixp^iasDcstrip-x^barVdistancebetweenm^ 
measiiredDist=sqrt((x_bar-lastxsirip)*(x_bar-lastxstrip)+ 

(y_bar.Iastystrip)*(y_bar.|astystrip)); 
truePixiToPixp=measuredDist/distan^^ 
distanc«betweendots^istancebet\veenspotsac^ 

nextdoLx=^istancemarkcrcentertospotcentcr*iruePixiToPixp; 

if(xind){ 

setYlnd(YIndTablc,numspots, 

x_bar-0.5, y^bar-0.5, lastxstrip-0.5, invslope, /* 0.5 subtracted since 
added above to y_bar! */ 

nextdotx, distancebetweendots); 

} 

} 

if (fabs(invslope)>0.0000 1 ) 

avgorient«atan(-invslope); 

else 

avgorient^.O; 
costheta=cos(avgorient); 
sintheta K sin(avgorient); 
x=*x_bar+nextdotx*costheta; 
y=y_bar-»-nextdotx*sintheta; 
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xincr=distancebetweendots*costheta; 
yincr=distancebetweendots*siniheta; 

Ylnd=0; 
nextChange=YIndTable[YInd); 
5 yint=(int)(y_bar-0.0); 

offsef s ((long)yim-jcomer)*cxDib+ (long)xJ>arInd; 

for (i=0;i<numspots;i++) { 

if (calibrateInRow^(i>=^rstCalPatBitAcross)&A 

(K(firsiCalPalBilAcross+ numCalPatBitsAcross))) 

10 calBit=l; 
else 

calBit=0; 

if(xind){ 

if (header) 

1 5 imgind=((long)y-jconier)*cxDib+(!ong)x; 
else 

{ 

if (i<nextChange) 
20 else{ 

if (invslope<0.0) { 

oflfcet+= s cxDib;yint++; 
} 

eise{ 

25 offset-=cxDib;yint~; 

} 

Ylnd++; 

nextChange= YIndTabiefYInd] ; 
} 

30 imgind=offset+XIndTable[XInd-H-]; 

} 



} 



else 



{ 

35 if (adjustDist&&!header){ 

int adjDefined; 

printCoordToImageCoord(adjustList x, y, 
&xAdjusted, &y Adjusted, 
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maxYAdjDefined, 
minYAdjDefined, 
ylncrAdj, 

adjustListlncr, &adjDefined); 
imgind=((long)yAdjusted-jcorner)*cxDib+(long)xAdjusted; 
> 



else 



imgind-((long)y-jcorner)*cxDib-Klong)x; 

} 

10 if (nearncighbor) 

vaiueintNnfimgind]; 
else{ 

if (adjustDist&&!header){ 

xExcess=xAdjusted-(int)xAdjusied; 
1 5 yExcess==yAdjusted-(int)yA<ljusted; 

} 

else{ 

xExcess=x-(int)x;yExcess«y-(»nt)y; 
} 

20 #if TESTITREAL 
#else 

#define FOURPIXEL 0 

#ifFOURPIXEL 

#else 

25 #if KERNELCOMPARE 

xExcesslO=(int)(xExcess*8); 

yExcess 10=Kint)(yExcess*8); 

excess 1 =xExcess 1 0*yExcess 10; 

excess2=(8-xExcess 1 0) *y Excess 10; 
30 excess3=xExcesslO*(8-yExccsslO); 

excess4=(8-xExcessl0)*(8-yExccssI0); 
valuereal=0; 

for (k^,xindinc=-(KERNELCOMPARESIZE/2);k<KERbE 

for (kk^,yindinc=KKERNELCOMPARESIZE/2)*cxDib; 
35 kk<KERNELCOMPARESIZE;kk^,yindinc+ a s:xDib) { 

pixelConthbution sc (floatKin[imgind+cxDib+ 1 +yindinc-(-xindinc] ^excess 1 + 
in[imgind+cxDib+yindinc+xindinc] *excess2+ 
i n[irogind+ 1 +yindinc+xindinc] *excess3+ 
in[imgind+yindinc+xindinc]*excess4); 
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valuereal+^pixelCfcntribution*we^ 
} 

} 

valueint=(int)((float)vaIuereaL/totalweight); 

5 #else 

#if INVOKEKERNEL 

if (invokeKernel) 

felse 

if(0) 

10 fendif 

{ 

xExcess 1 0=(iiit)(xExccss*8) ; 

y Excess 1 0=(intXyExccss* 8 ) ; 

excess 1 '"xExcess 10*yExcessl0; 
15 excess2=(8-xExcessl0)*yExcessl0; 

excess3=x£xcesslO*(8-yExces$10); 

excess4«(8-xExcesslO)*(8*yExcesslO); 

valuereal=0; 

for (k=0,xindinc«- 
20 (KERNELCOMPARESIZE72);k<^ 

for (kk^yindinc^^KERh^C^^ 
kk<XERNELCOMPARESIZE;kk^yindinc-H=cxDib){ 
pixelContribution=(fioat)(in [imgind+cxDib+ 1 +yindinc+ xindinc] *excess 1 + 

in[ixngind+cxDib+yindinc+xindinc] *excess2+ 
25 in[imgind+ 1 +yindinc+xindinc] *excess3+ 

in[imgind+yindinc+xindinc]*excess4); 
valuereaRKpixelContribution*we^ 

> 

) 

30 valucint=(int)((float)valuercal/totalweight); 

} 

else{ 

xExcess 1 0=(iiitXxExcess*8); 
yExcessl0=(int)(yExcess*8); 
35 valuetnt^n[imgind+cxDib+l]^ 
xExcess 1 0) *yExcess 1 0+ 

in [imgind+ 1 ] 'xExcess 1 0*(8-yExcess 10)+ 
infimgindI*(8-xExcessl0)*(8-yExcessl0); 

} 
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#cndif 
#endif 
tfendif 

} 

5 if (perfonnCalibrabon&&calBit){ 

if (caiibrateInRow^(i>^irstCalPatBitAcross)&& 

(i<(firstCalPatBitAcross+ numCalPatBits Across))) { 
if(calBitQn){ 

if (processCloseCallArray){ 

10 if (fnearneighbor) 

CloscCallIntcnsityArray[noCloseCaJlsSegmcnlOffsei+i+ 1 ]=vaiueint/64; 

else 

cioseCailIntensityAmy[noCloseCalIsSe^^ 

closeCailAnay(noCloseCallsSegmemOfE5et+i+ 1 }=0; 

15 > 

*totalIntCalBitOn+=valuemt; 
*numCaIBitsOn+= 1 ; 
calBitOn=0; 

> 

20 else{ 

if (processCloseCallArray){ 
if (inearneighbor) 

closeCallIntensityAiray[noCloseCalhSegmentOf&et^i-t' l]=valueint/64; 

else 

25 closeC^UntensityAmylnoCioseCallsSegmentQffset+i^ 1 ]=valueint; 

closeCall Array[noCloseCallsSegnientOfIset^i-f l ]= l ; 
} 

*totalIntCalBitOff+=vaiueint; 
*numCalBitsOff+= 1 ; 
30 calBitOn=i; 

} 

} 

> 

if (!performCalibration&&!calBit){ 
35 if (vaiueint < mincmptyint) 

{ 

if (header){ 

(♦iK>HcaderCalledOn)+= 1 ; 

if (neameighbor) 
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(*totalHeaderCalledOn)+=valueim; 

else 

(*totalHeaderCalledOn)+=\'alueint/64; 

} 

5 if (processCloseCallArrayX 

closeCall Array [iK>CloseCallsSegmentOffset-M+ 1 J=0; 
if (tnearneighbor) 

closeCalllntensiry Array[noC!oseCallsSegmentQffset+i+ 1 ]=vaJueint/64; 

else 

10 closeCalllntensity Ajray(noCloseCallsScgmentOrIset+i+ 1 )»vaiueint; 

if ((valueint>nunCloseCall)&& 

(*noCloseCallsSegment<MAXNOCLOSECALLS)){ 
closc<^lList[*iioCl05eCaUsSegTO^ 
closeCallList[*noClose<^lsScgment*CLOSELISTEhrrRYSIZE+ 1 J=dataRow; 
1 5 closeCallList[*noCloseCallsSegmem 

closeCallList[*noCloseCaJlsSegment*CLOSELISTENTRYSIZE+3 ]=**outind; 
closeC^lUst[*noCloseCallsSegmOT^^ 
if (Inearneighbor) 

closeCallList[*noCloseCallsSegment*CLOSELISTEhrmYSIZE+5]»l; 
20 else 
claseCallList(*noCloseCalls&^ 
closeCallList[*noCloseCallsSegra^ 

*noCloseCalls+=l; 
*noCloseCallsSegment+= 1 ; 
25 } 

> 

if(*dummyfill=l){ 

workS[*totaibits]=0; 
*dummy0= s *dummy0|dummy 1 ; 
30 } 

else 

workS[*totalbits]=l; 
dummyfill-M-; 

} 



35 else 



{ 

if(header){ 

( *noHeaderCalledOfif)+= 1 ; 
if (nearneighbor) 
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(*totalHeaderCalledOff)+^alueint; 

else 

(*totalHeaderCalledOff) +=T vaJueint/64; 

} 

if (processCl oseCall Array ){ 

closeCall AiTay [noCloseCallsSegmentOffset+i+ 1 1=1 ; 
if (Inearneighbor) 

closeCalllntensity Array [noCloseCaJlsSegmcntOf!set+i+ 1 ]=valueint/64; 

else 

closeCalllntensity Airay[noCloseCallsSegmentCM3set+i+ 1 ]=valueint; 

if ((valuemt<maxCloseCalI)&& 

(*noCloseCaUsSegmem<MAXNOCLOSECALLS)){ 
closeCallListl*noCloseCallsSegment*ClX>SELISTCNTRYSIZE] !! n; 
closeCallUst[*noCloseCalisSegment*CLOSELISTENTRYSIZE-K l]=dataRow; 
closeCallList[*noCloseCallsSegment*C^^ 

closeCallList[*noCloseCallsSegment^ 
cioseCallList[*noCloseC^lsSegment*CL^ 
if (Inearneighbor) 
closeCallList[*noCloseCallsSegmem*^ 

else 

closeCallList[*noCloseCallsSegment♦CLOSEUSTE^mlYSIZE+5]K); 
closeCaliList(*noCloseC^lsSegment*C^^ 

*noCloseCalls+=l; 
*noCloseCalUScgment+=l ; 
} 

} 

ift*dummyfill"l) 

workS[+totalbits]=0; 

else{ 

workS[*totalbits]=l; 
MummyO-*dumrnyO|dununy 1 ; 

} 

dummyf!H++; 

> 

(*totalbits)++; 
(*bitnumber)++; 
if (•bitnumber>7){ 

*bitnumber=0; 
outbufl*ouund]=*dumrrry0; 
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*outind+=l; 
*dummyO=0; 

ifl[(*totalbits%NUMBERBITSDUMMYFILL) :as ^) 
dumxnyfill-dimunyftllarray; 

5 } 

*dummyO=*dummyO « 1; 

) 

if(xind){ 

if (header) { 

10 x=x+xincr t y=y+yincr; 

} 

> 

else{ 

x==x-fxincr;y=y+yincr; 
15 } 

} 

} 

int findmarkers(BYTE huge * IpDibBits,BYTE huge ♦ ouuMEMORYSTRUCT memoryStruct, 
int huge * calPatDescriptors,int noCalPats,int huge * calAvgArray, 
20 int huge * prevMinEmptyArray,int minemptypixeMm minEmptyMinErrors,int * 

avgminempty, 

BYTE huge * savelt,int huge * histpix,BYTE huge * lutJBYTE huge * headerlnfo, 
float huge * bottomMarkersStrip,int huge * bottomMarkerlntensity, 
float huge * rightMarkerJnt huge * rightMarkerlntensity, 
25 int * numbermarkersRighulong *totalbits,tong tota!Zeros,long totalOnes, 

int * minemptyAdjJong huge * errorArray.int errorlnd,int * avgHeaderCalledOn, 
int * avgHeaderCalledOff,float * adjustRatio, int tileAcross, int tileDown, 
int noTilesAcross,int noTilesDowrunt numberIterations,int windowsize, 
long totalNumCodeBits,float bortomx,float bottomy,double *costheta, double 'sintheta, 

30 float *pixiToPixp, 

float *pixiToPixpLocal,doubIe *avgmvslope ( long cxDib, long cyDib, 
long jcorner, long jimage,long ofifseUnt *prevMarkerIntensity, 
long lengthCodeWord, long numberDataBits,long numberBitsData* 
int top, int left, int header, int topTile, int leftTile, int * foundTile, 

35 int processCloseCallArray.int resolutionFactor,int highBitErrorRate t int flipEm. 

int faxFile,int nearneighbor.int xind,int automaiic,int adjustDisUnt hypothesis, 
int displayMarker, int displaySpots, int scaleMarkPresent) 

{ 

static int huge * hist;static int huge * hist 10; static int huge * resetTable; 
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static int huge * XIndTable;stauc int huge * YlndTable; static float huge *mlistl; 
static float huge *mlist2; static int huge •inintiisti; static int huge *mintlist2; 
static int huge *markerintiistl; static int huge +markerintJist2; 
static float huge *markerlistl; static float huge *xnarkerlist2; 
5 static float huge 'adjustList; static BYTE huge * closeCallArray; 

static BYTE huge * closeCalllntcnsity Array; static int huge * adjustlntensity Array; 

static int huge *closeCallList; static BYTE huge * workS; static BYTE huge *errorArrayImage; 

static int noCloseCaJlsScgment;static short • dumint;static unsigned char dununyO; 
static int dumint2;static long dumlong; 
10 static int noCloseCalls T displayMaike^ 

static int noHeaderCaIledOn,noHeaderCaIledOfif t reProcessHyp; 

static long totnunempty.totallntCalBitOn, totallntl^itOff.totaMeade^^ 

static float 

comerx,comeryJastmarkerx,lastmar^ 
1 5 n^crtx>tx,markertwty t newInvsiope.avgorient t xlncrAdj,yIncr Adj , 

tempx4empy,markci?c,inajkeiy.duromy,start^ 
distCoraerToI^tMaik t markenopx t markertopy; 
static float measurcdDistBetConierl^stMark.spotToMarkerAd^ 
spotToMaikerAdjustScaled,dbmesc; 
20 static int errorI,printerType,numFromTop^ 

maricerlistIncr,adjustLisdncr y numspots,redundancyI^velData, 
j,k,minenipty jj, numbermarkers Uprevnumbermaikers.markerStart^oundiUheaderType, 
nunEmptySegment,searchSegmentlxngth,numbennaikers2,maxinte 
static double invslope; 
25 static long l,outind,i t noCloseCalisSegmentQflset,totalintensity; 
static float xCoord, yCoorcLxDistortion, yDistortion,printXl,printYl, 

printX2 > printY24otaIYDistanceToMarker,maxYAdjDefi^ 
static float expected YDistanceToMarker, 
static int dum 1 ,dum2,adjDefined,irutAdjustDist,f^ 
30 numCaffiitsOn,numCaffiitsOff;numC^^ 

numberWhitesAroimcLnumC^lPatBitsDown^dataRow 
static int totalCalibrationBitsPerTile.dalaTileChecksuraSize; 
static int dataSeg,oflfsetDown f ofl&etAcross,noEntries, bottomTile,generous; 
static int prevMinEmptyAd^prevMinEmptylndexaooHi^ 
35 static char dummyftllarray fNUMBERBITSDUMMYFILL); static char * dununyftll; 
#define POPUPINFO 0 
static char szMess [100]; 
noIntenrals^NUNDONTERVALS; 
fUlDun^yFillArray(dummyflUarray,flipEm); 
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mlistl = memory Struct.mlist 1 ; 
mlist2 = memory Struct . miisl2 ; 
mintlistl « memoryStnictmintiistl; 
mintlist2 = memory Struct . mi ntl ist2 ; 
5 hist = memory Struct, hist; 
histlO = rnemoryStruct.histlO; 
resetTable = memory StructresetTable; 
XIndTable = memoryStructXIndTable; 
YIndTable = memoryStruct.YlndTable; 
10 adjustList = memory Struct adjustList; 

cioseCallArray = memoryStructxloseCallArray; 
cioseCalllntensity Array « memoryStnict.closeCalllntensity Array; 
adjustlntensity Array = memoryStnict.adjiisdntensity Array; 
closeCallList = memoryStruct.closeCallList; 
15 error Arraylmage = memoryStruct errorArraylmage; 
workS = memoryStruct workS ; 
totminempty=0; 
noEntries ax 0; 
errorI=0; 
20 if (hypothesis>0) 

if (highBitErrorRate) 

reProcessHyp= 3t 2; 

else 

reProcessHyp-1; 

25 else 

reProcessHyp=0; 
#define ENDMINEMPTY ARRAY -999 
#define NUMBERTTEMS_PMEA 1 
prevMinEmptyIndex=0; 
30 if (hypothesis>0){ 
for 

(i^;i<200^prevMinEmptyAn^ 

if (prevMinEmpry Array [ i+ 1 ] =2 ) 
tooHigh«l; 

35 else 

tooHigh=0; 
prevMinEmptyIndex=i; 

} 

} 
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prcvMinEmptyIndcx=0; 
if (hypoihesis>0){ 

if (prevMinEmpty Index <2 *NUMBERITEMS_PME A){ 
5 if (totalZeros>totaJOnes){ 

if (totalOnes=0||(totalZeros/totalOnes)>3) 

*minemptyAdj=*minemptyAdj-2*HYro 

else 

*minemptyAdj=*minemptyAdj-HYPOTHESISrNCREMENT; 

10 > 

else 

if (totalZeros^^OIKtotalOnes/totalZeros^J) 

*minemptyAdj=*minemptyAdj+2*HYTO^ 
15 else 

*nunemptyAdj=*minemptyAdj+HYPOTHESISINCREMENT; 

} 

else { 

prevMin£mptyAdj=pre\ f MinEmpty Array [prevMinEmptylndex] ; 

20 prcvPrcvMinEmptyAdj^iwMinEmpiyArray[prevMinErn 
NUMBERITEMS_PMEA] ; 

if (totalZeros>totalOnes){ 

if(prevMinEmptyAdj>prevPrevMinEmptyAdj) 

*imiKmptyAdj^pirvMnEmpty^ 

25 else 

if (totalOnes sss O||(totalZeros/totalOnes)>3) 
*nunemptyAdj=*minemptyAdj- 

2*HYPOTHESISINCREMENT; 

else 

30 *minemptyAdj= s *minemptyAdj- 
HYPOTHESISINCREMENT; 

} 

else 

if(prevMin£mptyAdj<prevPrevMin£mptyAdj) 

35 * nunempty Adj^prcvMinEmpry Adj^revPrevMinEmpty Adj)/2 ; 

else 

if (totalZeros==0||(totalOnes/total2eros)>3 ) 

*minemptyAdj=*minemptyAdj+2*HYPOTHESISiNCREMEOT 
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else 

* minemptyAdj=* minemptyAdj+HYPOTHESISINCREMENT; 

} 

5 } 
if(hypolhesis>0){ 

piw^aEmptyAiTaylprevMiriEmptylndex+NUMB 

prevMinEmptyArray[prevMnEmptyIndex+2^ 

10 Y; 

} 

else { 

prevMinEmpty Array [prcvN4inEmptyIndex]-*nunemptyAdj; 

15 prevMinEmptyAmylpiwMinEmptylndex+NUMBERITEM 
> 

if (left=l){ 

xlncr=(float)+sintheta; 
xIncr=(float)-*avginvslope; 
20 if(header){ 

initializeVars(0,&spotheight,&s^ 

&numberspotsperseg t &markerwidth > &maricerheight,&distancebetweenmarkeredown, 
&distancebetweenspotedges,&distancebetw^ 

^oTilesDown,&noTilesAcross,&scalei^ 
25 &borderwidth,&leftmarginseg,d^stanc^^ 

&distancemarkercemertospotcenter,4^t^^ 
&distancebetweenheaderspotsacros^ 

^eadennarkerwidth,&hcadcrTnarkcrheight^^stanccbetw 
&headerspotlength,&headerspotheight, &numberheaderspotsperseg, 
30 ^umberTowsdownHeader^stbetheadmarkedgespotedge 
&distbetheadmarkceiits); 
noHeaderCaU(riCta^;noHeaderCa]l^ 
rowspermarker=2; 
if(scaleMarkPresent){ 
35 tempx=(float)bouomx+*costheta* 

(scalemarkJcngih/4)**pixiToPtxp; 
tanpy=(float)bottomy+»siniheta* 

(scalemaiklength/4)++pixiToPixp; 
tempy-=(float)((float)headennarkerheigh!/2+ 1 )**pixiToPixp; 
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} 

else{ 

tcmpx=<float)bottomx+*costheta* 

((float)distanccbetweenbordcredgcmrkcredgc+(float)borf^ 
pixiToPixp; 

tempy=(float)bottomy+*sintheta* 
((float)distana^\veenborder<^ 
pixiToPixp; 

tempy^float)((float)headenna^ 
} 

markerbotx=(float)tempx;markerboty=<float)tcinpy; 
numFromTop=8; numberdatasegs^umberdatasegmentsHeader; 
distComerToI^stMark a Hiistbetheadmark^ 
totalCalibrauoiiBitsPerTile^;nunispots^ 
expected YDistanceToMarker= 
*costheta*2 *distancebetweenheaderrowsdovvn* *pixiToPixp; 

generous=0; *adjustRaUo=(*pixiToPixp)/EXPECTEDPIXITOPIXPHE^ 
} 

else { 

setDalaDescriptoreFromHeadcitheaderlnfo^umlong, &spotheight&spotlength, 
&rowspermai1cer,&numberdatasegme 

&distancebetweenmarkersdown, Adistancebetweenspotedges, 
& distanoebetweenrowsdowiu& 

distancebetweenmarkeredgespotedge, 

&cforaese,&dumint2,&dunu!U2^ 

&printerType, 
&dataTileChecksumSize,&redundancyLevciData); 

if (resolutionFactor=FRACnONCASEl) 

resfectfloat= VALUEFRACTIONC ASE 1 ; 
else if (resolulionFactor=FRACTIONCASE2) 

resfectfloat-VALUEFRACnONCASE2; 

else 

resfactfloat=(float)resolutionFactor; 

numspots^numberspotsperseg; 
initialize Vars(0,&spothright,&^^ 

&numberspotsperseg,&mariccnvidth, &maricerheight,&distancebetweeiunarker5down t 
&distancebetweenspotedges,&distanccbetwre 

&noTilesDown,&noTilesAcr^ 
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d^rderwdth,&leftmarginseg,&riista^^ 
&4istancemarkerc^ntcrtospotcxnter.<^stancebctweenina^ 
&distancebetweenheaderspotsacross t 

&distancebetweenrowsdownheadennarkere > &^ 
5 &distancebetweeiuheadenx>wsdown,&h^ 
&numberheaderspolsperseg, 
&nuinberFowsdownHeader,&di$tbethea 
&distbetheadmarkcents); 

processCloseCall Array= 1 ; 
10 spotToMaxkerAdjust=SPOTTOMARKFACTOR*(spotheigh 
markerheight/2) * *pixiToPixp; 

spotToMarkerAdjust=SPOT^ 
distancebetweenspotsacross^cfo 
distancemarkercentenospotccnter= 
1 5 (maxlxnvidth/2>Kspotlength/2.0)+dbmese: 

if ((dbmese**pixiToPbq><MINVERYGENEROUSTHRESH)|| 
((distancebetweenmarkersdown- 
mariccrheight)**pixiToPixp<MIhA^RYGENEROUSTHRESH)) 

generous=2; 

20 else 

if ((dbmese**pixiToPixp<MINGENEROUSTHRESH)I| 
((distancebetweenmarkersdown- 
markerheight)**pixiToPixp<MINGENEROUSTHRESH)) 

generous 22 1 ; 

25 else 

generous=0; 
if ((printerType=LASER)&& 
((distancebetwcenspotsacross* *pixiToPixp<MININDEXTHRESHL ASER)| | 
(distancebetweenrowsdown**pixiToPtxp<Mira 
30 xind^O; 

if ((priiUerType™THERMAL)&A 
((distanceberweenspotsacra^ 

(distaiicebetweenrov^own**piri^^ 
xind=0; 

35 if ((printerType>=rNKJET)&& //this now covers all fax cases due to >*= 

((distanceberweenspotsaCToss* 

(distaiKxbetweeimnvsdown**pm^^ 
xind=0; 

initXInd(XlndTable,*pixiToPixpXfloat)(*costheta),num 
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distanccmarkerccmertospotcemer,distancxberween^ 
tcmpx=(float)bo«omx+*costheta»*pixiToPixp* 
(((distancebetwecnbordcrcdgcmarkeredge+(bordenvi 

tempy=(float)bottomy+»sinthcta**pixiToPixp* 
5 (((distancebetweenborderedgemarker^ *(float)rcsfactfloat)+(markerwidth/2)) 

marieert>ott=(float)tempx;markcrbo 
numFromTop=NUMFROMTOP; 

numberdatasegs=numbcrdatasegments; 
distCornerTol^stMark^distancebetweenniaricem 
10 expectedYDistanccToMarker^ 

*o>stheta+((im)rowspennarker)*distaiuxte^ //note this should be adjusted 

since it is VERTICAL 

calculateTotalC^ibrauonBitsperTiie(nu noCaJPats 
&totalCalibrationBitsPerTile); 
15 calculateNumberIterationsNew(distancebetweenrowsdown, distancebetweenmarkersdown, 

numberspotsperseg, numberdatasegments, lengthCodeWord, numberDataBits,totalCaIibrationBitsPerTile, 
numberBitsData,&numberIieraiions); 

if(ltopTile) 

numberIterations++; 

20 } 
> 

else{ 

tempx=(float)bottomx-*costheta* 

distancebetweenbordeix«mennaricercenter**pixiToPixp*(float)resfac^ 
25 tempy=(float)bottonty-*sintheta* 

distancebetweenbordercemennarkercemer**pi»^ 
markertK>tx=(float)tempx-*sintheta+bo^ 
markerboty=(float)tempy-(float)*cos^ 
} 

30 bottomTile=(tiIeDown=noTilesDown- 1 ); 
if (topTilc){ 

if(leftTile){ 

findmarkercomer(nwkcxt>oU,mark^ hist 10. resetTable, 

minemptypixel,numFromTop,windowsize,cxDib, cyDibjcorner, 
35 jiinage,&maikerx, &markery, 

*pixiToPixp,xIncr,expectedYDistanceT^^ 

&maxintensity, &minintensity t &totalimensity,top, left, header,&foundit); 
if (foundit){ 
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if(lscaJeMarkPrescnt)//readjust based on found corner marker if scale mark not 

present 

*pixiToPixp= 

sqrt((markei^-bonomx)*(rnarkerx-bottornxK(markery- 

5 bottomy)*(markery-bottomy))/ 

(flaat)(distancebetweenborderedgenwkercdgeH^ 

if (header) //to comply with prevMarkerlntensity definition! 
searchSegmentL«ngth«SEARCHSEGl£NGTHr^XTMARKERHEADER; 
else 

10 seaJchSegmentI^ngth=SEARCHSEGI^NGTH^ 

+prevMarkerImensity^ndMarkerImeira 
markerx, markery,cxDib, cyDib, 
jcorner, jimage,&duml,&dum2); 

} 

15 } 
else { 

foundit=l; 

markerx=nghlMarker[OJ; 
markery-rightMarkerf 1J; 
20 maxintensity^nghtMarkerlntenstty (0] ; 

) 

} 

else{ 

foundit=l; 

25 markerx=4>ottomMarkereStrip[tileAcra ; 

mai1ceiy^ttomMaxkersStrip[tileAcro 1 ] ; 

maxinterisity=bottomMajkerIntensity^ 

} 

eomerx=ma^eix;comery=markery;outin^ 
30 if(foundit){ 

markerltst 1 =mlist 1 ;markerintlist 1 =mintlist 1 ; markertopx=maiicerx;markenopy=markery; 

markerintlist 1 [0]=maxintcnsity; 

if(leftTHe){ 

if(noTilesAcross*tileDown=8) ~ 
35 bottomTile=bottomTile; 

fiiKlAllMarkereInColujnn(lpDibBils,rust, histlO, resetTable,nuinFromTop, 
markerx, markcry,markerlist 1 ^markerintlist 1 ,numberlterations*windowsize, 
prevMaricerIntensity,(int)row^ 
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♦pixiToPixp.xInCT.expectedTO 

bottomTile,generous,header,^ounditrePra^ 
if (numbermarkers 1 >0&&foundit) { 

bottomMarkersSlrip[tileAcross*numbcrdaiasegs*2-K)]= 
5 markeriisti[numbcnnarkcrsl*2-21; 

bonomMarkersStrip[dleAcross*nuznberdatasegs*2+l 

markerlist 1 [numbermarkers 1*2-1]; 
bonomMarkerIntensity[tileAcross*nuniberdatasegs]= 

marked i st 1 [numbermarkers 1 - 1 ] ; 

10 } 
} 

else { 

for tij=0j=0aj<*numbermarkersRight*2 Jj+=2 

lastx=rightMarker[ij];lasty^ghiMarker[ij+l J; 
1 5 markerlist 1 lij]=lastx;niarkerlist 1 [y+ 1 Hasty; 

markerintlistl UJ=rightMarkerIntensity[jJ; 
} 

numbermarkers 1 =*numbermarkersRight; 
} 

20 if(foundit){ 

prevnumbermarkers=numbermarkers 1 ;bimumbei^;dummyO^;dummyfill^ummyfillarray; 
if (noCalPats>0){ 

firstCalPatBitAcross=calPaiDescriptors[0] ; 
first CalPatBitDown=calPatDescriptors[ 1 ] ; 
25 numCalPatBitsAcross=calPatDescriptors[21; 

numCalPatBitsDown=caiPatDescriptors[3 ] ; 
} 

else{ 

fimCalPatBitACTWS==0;firstCalPatBitDown=0; 
30 numCalPatBitsAcross=0;numCalPatBitsDown=0; 

} 

calBitRowSlart-l;noCIoseCalis=0;*totalbits=0; 
} 

if (leftTile&AtopTile) 
35 *pixiToPixpLocal-*pixiToPixp; 

for (i s 0;i<numberdatasegs&&foundit;i-H-){ 

pumpMessage(); 

if(!bContinue){ 

return NULL; 
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} 

if (topTile){ 

if (header)! 

markeibotx=*costheto*distte^ 

markertopx; 
markertx>ty»*siniheta+distbethea^ 
markertopy; 

} 

else{ 

markerbotx=*costheta*dismcebetweenmarkere 

markertopx; 

nmkeit>oty=^sintheta*distancebetweeninarkercem 

markertopy; 

} 

findmiddlemarker(markerbotx,niarkert>oty, *adjustRatio,lpDibBits, 
hist, histlO, 

resetTable^minemptypixel^umFromTop^ndowsize^cxDib.cyDib, 

jcoraerJimage,&markerx, 
Amarkery/pixiToPixp^ncr^xpectedYDistanceToMarker, 
(int)rowspennarker,*prevMai1ce^ 

generous,top, header,&foundit); 

if(foundit){ 

measuredDist 1 =sqrt((markenopx-raarkerx)* ( maxkenopx-markerx )+ 

(markertopy-markery)*(markenopy-markery)); 
if (header) 

*pixiToPixpLocal=measuredDist i/distbetheadmarkcents; 

else 

*pixiToPixpLocal=measuredDist 1 /distancebetweenmarkercenters; 
markertopx"markerx;niaricertopy=markery; 
prevMaricerIntensityLocal^indMarkerIntensity(lpDibBits, 

searchSegmenlLcngth, markerx, markery, cxDib, cyDib, 

jcorner, jimage, &duml, &duni2); 
^prevMarkerlntensity^revMarkerlmensi^Local ; 
} 

> 

else{ 

foundit=l; 

markerx^bottomMarkereStripftileAcross+num 

markery-bottomMarkersStrip[tileAcross*numberdat2segs*2+((i+ I )*2)+ 1 J; 
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maxintensity^ttomMarkerlntera 
} 

if (foundit){ 
lastmarkerx=markerx; 
5 Iastmarkery=markery; 

if(i%2=*=0){ 

markerlistl=mlist 1 ;mrkcrlisl2^isl2;markcrinUistl»minUistl ;markerindist2=mintiist2; 
} 

else{ 

10 ^ keriis ^^iai;markerlistl^nU^ 
} 

markerintlist2 [0]=maxintensity; 

findAllMarkcrsInColumn(lpDibBits,hist t hist 10, resetTable,numFromTop, 
markerx,markeiy,markerte^ 
15 P rwMarkerIn tensity,(int)rowspcrmarkcr.&numbci™ 

*pixiToPixp t xIncr,expeaedYDistanceToMarker % 
offset, cxDib,cyDibjcomerJimage,bottomTile t generous, 
header.&foundiueProres^ 
if (numbermarkcrs2>0&&foundit){ 
20 bottomMarkcrsStrip[tileAcross*numbcrdatascgs*2+((i+ 1 )*2)]= 

markerlisl2[numbermarkcrs2*2-2] t 
bonomMarkersStrip[tileAcross*numberdatasegs*2-t-((i+l)*2)+l]= 

markerlist2 [numberniarker$2*2- 1 1 ; 
bottomMarkerlntensity [UleAcrcss*numberdatasegs+(i+ 1 ))= 
25 markerlistl [numbermarkers2*l J; 

} 

if ((prevnumbcrmarkcrs! ss numbermarkcrs2)||ffoundit) 
foundifO; 

else{ 

30 initAdjustDist=0; 

if(adjustOist){ 

initAdjustDist=l; 

markerlistlncn=2 ; 

adjustListlncr=2; 
35 #if ADJUSTDIST 

adjustVcrticalDistortions(prcvnumbcnnarkcrs, markerlistl,markcrlist2, adjustList, 
AxIncrAdj, &yIncrAdj,&maxYAdjDefined* &minYAdjDefincd, 
marker!istlncr,adjustListIncr); 

#endif 
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} 

if (topTile) 

markerStart=0; 

else 

5 marker Starr=2, 

if (processCloseCallArray){ 

noCloseCallsSegrnent=0;noCLoseCaIlsSegmentOfifset==0, 
for(l^oCloseCallsSegmentOrI&t;l<noC^ 
closeCallArray(l]=l; 

10 /* the following entry of prevnumber etc. may depend on the ratio of markers to 

alarows */ 

noCloseCaJisSegmentOfEset=(long)((prcvnumbeririarkers- 
(markerStart/2))+l)*(long)(numspots+2); 

for(l^oClose(^lsSegmentOffseU^ 
15 closeCallArray(l]«l; 
} 

/* check calibration first set thresholds */ 
if (noCalPatsX>){ 

calBitRowStart- 1 ;toiaiIntCalBitOn=0;totalIntCalBitOfl^=0; 
20 numCalBilsOn=0;numCalBilsOffK); 

for Qj=TOaxkerStartj=nwkerSta^^ 

ji+=2j-Hf,dataRow-M-){ 
if <(noCalPats>0)&&(dataRow >=firstCalPatBitDown)&& 
(dataRow<(fim(^lPat&itDown+num^ 
25 calibrateInRow» 1 ; 

else 

calibrateInRow=0; 
if (calibratelnRow){ 

startx=markerlistl [u];starty=markerlist 1 Qj+1]; 
30 lastx~matkerlist2[jti];las^ 

ift not_equai_reals(lasty , starry )) 
_ . invslope=( lasty-starty )/( lastx-startx) ; 

else 

invslope=0.00(KXX) 1 ; 
35 if (header) 

» 

else { 

spotToMaxkerAdjustScaied=spotToMarkerAdjust**pixiToPixp; 

if (jj<prevnumbennarkers*2-2) 
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spotToMarkerAdjustScaled*= 

(starty-markerlist 1 [ij+2+ 1 ] )/ 
((distancebetweenmarkersdown**pixiToPixp)/ 

(distancebetweenmarkcrsdown/distancebetweenrowsdown)); 
5 starty=starty-spotToMarkcrAdjustScaled; 

lasty^lasty-spotToMarkerAdjustScaled; 
if (xind){ 

measurcdDist==fabs(stanx-lastx); 
measuredDist=^rt((startx-lastx)*(startx-Iastx)+ 
10 (staxty-lasty)*(starty-Iasty)); 
expectedDist^stanc^tweenmarkerccnters**pixiToPixp; 

startx-startx+(measuredDist- 

expectedDist)*XINDADJ; 
lastx=UistxKmeasuredDi5t-expectedDist)*XINDADJ; 
1 5 intervai=(int)((startx-(int)staxtx)*noIntervals); 

iittcrlncr=0;interlncr* l/(2*(float)noIntervals); 
intcrval=(int)(((siaitx- 

(int)staitx)+interIncr)*noIntervals); 

} 

20 #if ADJUSTDIST 

if (adjustDist) { 

imageCoordToPrintCoord(markerlistl , 
markcrlist2, prcvnumbcrmarkcrs, staitx, stany, 
AprintXl, AprintYl, maxYAdjDefined* 
25 minYAdjDefmed, xincrAdj,yIncrAdj, 

markerlistlncr, &adjDefined); 
if (adjDcfined) 

imageCoordToPrimCoord(markerlistl , 
markerlist2, prevnumbermarkers, lastx, 
30 lasty, &printX2. &printY2 f 

maxY AdjDcfined, minYAdjDefmed, 
xIncrAdj,yIncrAdj, markerlistlncr, 
&adjDefmed); 
if (adjDeftned){ 
35 startx^rintXl;staily^rintYl;las^ 

> 

} 

#endif 

} 
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decodedotstripnew(startx,staj^ 
memoryStaiclsavellhistpix^XIncfrable+inte^^ 
durrnnyfillamy T dummyfiil,workS,&noHeadei<^ 
&totalHeaderCalledOn,&totalHeaderC^Il^^ 
5 &noCloseCa]ls,errorAjTay,errorInd^ 

minYAdjDefmed,yIncrAdj,adjustListInc^^ 

jcorner, jimage,minempty,&bilnumber t &dummyO, totalbits, totalNumCodeBits, 
l,4nvslope,0, 

header,nearneighbor,xind,(adjustDist&^djDefined),faxFile 1 
1° hypothesis, 1, /• performCalibrauon is I */ 

<SxalBitRowStart^otaiInt 

pn)ccssCloscCallAiray,calibratcInRow,firstCalPatBitAcross f 
numCalPatBits Across,displaySpots) ; 

} 

15 } 

if (numCalBttsOn>0) 

if (nearneighbor||xind) 
avgCalBitOn=(int)(tolallmCalBitOn/numCalBitsOn); 

else 

20 avgCaiBitOn=(int)(totalIntCalBilOn/(numCalBitsOn*64)); 

if (numCaiBitsO£F>0) 

if (nearneighbor||xind) 

avgCamitOfiNioialInt(^lBitOfi^numCalBitsOff; 

else 

25 avgCalBitOff^otaiIntCam(^ 

dataSeg=i; 

oflfsetE>own=((noTiIesAcross* numbcrdatascgs)* tileDown) *2 ; 
oflfsetAcross=(numberdatasegs*tileAcross*2); 
calAvgAiTay[ofibetI>own^fifsetAcross^taSeg*2]=avg<^mitOn; 
30 calAvgAiTay{ofiE5etDown+ofifsetAcross+dataSeg*2+ 1 ] =avgCalBitQff; 

minEmptySegment*Kalibrated^nEmpty(calAvgAiTay > 
tileAcross,UteDown,dataSeg, minEmptyMinEnrors, 

noTilesAcross,noTilesDown, numberdatasegs); 

> 

35 /* NOW look for data! */ 

for (D=markerStaitj=maricerStait/^ 
{ 

staitx=markerlist 1 Qj] ,starty=markerlist 1 Qj+ 1 ] ; 
lastx=markerlist2Qj];]asty-TTmrkerIisa|jj+ 1 ]; 
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if( not_equal_reals(lasty , starty )) 

invslope=(lasty-staity)/(lasLx-staitx) ; 



else 

invslope=0. 0O0O0O1 ; 



5 



if(autotnatic){ 

if ((fabs(invslope)>0. i)i|((noCloseCalls>MAXCLOSECALLS)&& 



10 



((noat)noCloseCaUs/(float)*tolalbits)>^MXCU)SECALLRATIO)){ 

xind=O;nearneighbor=0;bilinear= 1 ;adjustDist= 1 ; 
if(!initAdjustDist){ 

inilAdjustDist=l;markcrlistlncr=2;adjuslLisiIncr=2; 



#if ADJUSTDIST 



15 



adjust VerticalDistortions(prevnuinbennarkers, markeriistl, 
markerlist2, adjustList, &xIncrAdj, &yIncrAdj, 
&maxYAdjDefined, &minYAdjDefined, 
markerlistlncr.adjustListincr); 



#endif 



> 



} 



else { 

xiiKl=l;neameighbor=l;bilinear=0;adjustDist=<); 
> 

} 

minempty=(markerintlist 1 [j}+markerintiist2 0])/2;minempty-=5; 
if (header){ 

if (nuncmpty>230)minempty=230; 

minempty— ADJMINEMPTYHEADER; /* because new pattern !*/ 
} 

else { 

spotToMarkcrAdjustScaled=spaToMarkerAdjusl**pixiToPixp; 



spotToMarker AdjustScaled *= 

(starty-markerlist 1 [ij+2+ 1 ] V 
((distancebetweenmarkersdown*+pixiToPixp)/ 
(distancebenveenmarkersdowri/dis^ 

starty=starty-spotToMarkerAdjusl Scaled; 

lasty=lasty-spotToMarkerAdjustScaled; 

if(xind){ 

measuredDist«fabs(startx-lastx); 
measuredDist=sqrt((starLx-iastx)*(startx-iastx>+ 



30 



if (jj<prevnumbermarkers*2«2) 
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(starty-lasfy)*(starty-lasty)); 
expectedDist^staxicebem^nmarkercenters**pixiToPixp; 
staitx»stam+(measuredDist-expectedDtst)*XINDADJ; 
lastx«lasu^measuredDist-expectedDist) # XINDADJ; 
5 intcrval=(int)((siartx-(int)siarLx)*noIntervals); 

intcrlncr=0;iiiterlncr=l/(2*(float)nolntervals); 

imerval=(int)(((staitx-(int)startx)+interIncr)^nointervals); 

} 

if (minempty>253)minempry=253; 
10 minempty^ADJMINEMPTY; /* because new pattern !*/ 

M ADJUSTDIST 

if (adjustDist) 
{ 

imageCoordToPrintCoord(markerlistl , markerlist2, 
15 prevnumbermarkers, startx, starty, AprintXl, &printYl, 

max Y AdjDefined, minYAdjDefined, xlncrAdj, ylncrAdj, 
markerlistlncr, &adjDefmed); 
if (adjDefined) 

iraageCoordToPrintCoord(markerlistl, markerlist2, 
20 prevnumbermarkers, lastx, lasty, &printX2, &printY2, 

maxY AdjDefined, minYAdjDefined, xlncrAdj, ylncrAdj, 

markerlistlncr, &adjDefined); 
if (adjDefined) 

{ 

25 startx=printXl; 

stany^printYl; 
lastx*=printX2; 
lasty»=printY2; 
} 

30 } 
#endif 

} 

if ((noCalPats>0)&&(dataRow >=firstCalPatBiiDown)&A 
(dataRow<(firstCalPatBitDown+numCalPatBitsDown))) 
35 calibratelnRow^ 1 ; 

else 

calibratelnRowO; 
if (noCalPats>0) 

mine mpty=minEmpty Segment; 

65 

SUBSTITUTE SHEET (RULE 26) 



BNSDOCID: <WO 9732262A1J_> 



WO 97/32262 



PCT/US97/03330 



if(header) 

mincmpty= mincmptypixel; 
nunempty+=*minemptyAdj; 
if (nuncmpty>MAXMINEMPTY) 

mincmpty= MAXMTNEMPTY; 
totnunempty+=Trunempty ;noEntries++; 
decodedotstripnew(startx,sta^ 
mcmoryStnici,savelUhistpix,(XIndTabIe+interval*(int)numbe 
duramyffllarray,dummyftU,workS,&^^ 
<5aotaWeaderCalledOn,&totaW 
&noCloseCaIis,erorArray,enwInd,^iTorI,dat^^ 
nunYAdjDefined,yIncrAdj,adjustU 

jcorner, jimage r minempiy,&bitnumber, &dummyO, 

totalbits.totalNumCodeBits, 

l,-invslope,0, 

header T neanieighbor,xincUadjus^ 

hypothesisA&camilRowStart^&totaJIntCal^ AmimCalBitsOn, 
&totaJIntCalBitOff T &numCalBitsOfir,processCloseCallArray, 
calibratelnRow,fimCalPatBitAcross t n 
} 

if (proccssCloseCallArray){ 

if (Iheader) /* should be invoked only if spots are close together! */ 
{ 

setThrahholdsCloseCalls(numspots^prevnu^ 
UleDown.noTilesDown,nunempty,adj^ 

closeCaIlInten$ityAnay.( ! nearneighbor)); 
for (k=0;k<noCloseCallsSegmem;k++){ 
instantReplayCloseCalls(claseCal^ 
closeCallList{k*CLOSELISTENTRYSI2E+ 1 ], 
closeCallList[k*CLOSEUSTENTRYSIZE+2], 
closeCallList[k*CLOSEUSTENTRYSIZE+3J, 
closeCallList(k*CLOSEUSTENTRYSIZE+4], 
closeCallList[k»CLOSELISTENTRYSIZE+5], 
closeCallList[k*CLOSELISTENTRYSI2E46] t 
*mincmptyAdj,numspots,(prevnumbermarkers-nmkerStail/2 
tileDown, noTilesDown,distancebetweenspotedges, distancebetweenrowsdown, 
di stanch tweenmarkersdo^ 

adjustlntensityArray,closeCallAiTay f out); 
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} 

} 

> 

} 

prevnumbermarkcrs^numbermarkei^ ; 

> 

} 

} 

*foundTile=foundit; 
if (!*foundTi!e) 

*foundTile=foundit; //just for debugging 

else { 

if (noEntries>0) 

*avgmjnempty=tolmincmpty/noEniries; 
for (ii^j^'jj<prevnumbermarkers*2^j+=2 j++){ 
lastx=markerlist2Qj] ; 
lasty=markeriist2 Qj+ 1 ] ; 
rightMarker[jj]=iastx; 
rightMarkerQj+ 1 ]=lasty; 
rightMarkerIntensity[)]«markerintlist2[j]; 

*numbermarkersRight=numbermarkers2 ; 

> 

newInvslope=(lastiiiarkeiyKX)meiy)/(lasimai1cerx-cornerx); 
if (£abs(newlnvslope)>0.00000 1 ) 

» 

else 

newlnvslopc=0.00000 1 ; 
avgorient=atan(newInvsJope); 
measun^istBetComerLastMarl^^ 

(cornery-lastmarkery) * (cornery-lastmarkery)) ; 
if (header) { 

*pixiToPi^measuredDistBetCo^ 
*costheta~ros(avgorient);*sintheta^ 
if (noHeaderCaIledOff>0&&noHeaderCajledOn>0){ 
*avgHcadeK^iedOn^int)(totalHeadei^ 
•avgHeaderCalledOffKintXtotalHeaderCalledOfi^TO 
} 

} 
} 
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return 1; 

} 

If a nonrectanguiar spot has been defined, the center of that spot is preferably determined by looking 
5 to the centroid of the pixels of any such spot which might exist in a cell. If a nonrectanguiar cell has been 
defined, the center is preferably found by locating the cell in a manner similar to locating the center of a 
rectangular cell, discussed above (including adjustments made for cells placed diagonally), adjusting such 
determination where the centroid pixel of any spot in such cell is expected (based on what is known about 
how the cells and spots were formatted) to be different from the center pixel otherwise determined. 
10 It should be understood that determining the centers of rows of possible spots and the centers of 

columns of possible spots can also be determined not by reference to the image pixel/printer pixel ratio but by 
reference to the ratios determined by dividing the number of rows or columns, as the case may be, that a 
particular row or column is displaced from a first reference marker by the total rows or columns, as the case 
may be, between markers. This ratio for each row or column is then multiplied by the total image pixel 
1 5 distance between markers to determine the image pixel displacement of each row or column from the 
reference markers. This method of determining the center of each row and each column performs most 
efficiently with an embodiment where there is no distance between markers and the nearest cells - i.e., the 
Marker to Spot parameter equals 0. For example, where the digitally encoded substrate is formatted and 
encoded such that there are 3 rows between markers (i.e., Rows per Marker equals 3), the total image pixel 
20 distance between the top of a first marker and the top of the next marker displaced vertically equals 2 1, the 
top of the first row of possible spots has the same vertical pixel coordinate as the top of the first marker, the 
image pixel distance between the top and bottom of each spot equals 6 and the vertical pixel image 
coordinate of the top of the first marker equals 156, the centers of each of the 3 rows can be determined by 
multiplying 21 by the ratios 0:3, 1:3, and 2:3, the products being 0, 7, and 14, and adding those products to 
25 159 (the vertical pixel coordinate of the top of the first marker plus 50% of the image pixel distance from the 
top to the bottom of each spot). Thus, the centers of the 3 rows would be at vertical image pixel coordinates 
159, 166, and 173. 

While the recovery process preferably determines the centers of cells and the existence of spots 
through processes rendered by a computer from an electronic image of a datatile, it should be understood that 

30 the recovery process can be employed without reference to an electronic image. Instead, the distinct features 
of a datable (e.g., markers and spots) are determined by measuring distances. Distances are preferably 
determined entirely through automatic means (i.e., without any human intervention). In one such 
embodiment, a microscope coupled with a measuring device constitutes a mechanical means that 
automatically determines distance by sensing areas of differing reflectivity. Visual inspection of a datatile 

35 provides information from which to conclude the locations of datatile features such as landmarks, markers, 
ceils, and spots, and these conclusions are then used to derive the series of digital data values which can, if 
appropriate, be used to manually derive some further information, such as text. Visual inspection follows the 
steps described in FIG. 18, and generally follows that part of the process described by reference to FIG. 19 
that involves distances generally and not printer or image pixels or conversions of printer pixel coordinates 
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and distances to image pixel coordinates and distances, it being understood that in a visual inspection 
embodiment there is no image of a datatile other than the printed datatile itself, and determination of printer 
pixels (instead of actual markers, spots, etc.) by visual inspection may be cumbersome and unnecessary. A 
method of decoding employing measurement of distances enjoys many of the same benefits of the preferred 
5 embodiment, including use of the metasector to communicate the format parameters used for encoding. 

A visual inspection embodiment of the method of decoding preferably determines the lines through 
the centers of rows and columns by reference to actual distances, such as distances in microns. According to 
this embodiment, and assuming the top of the first row of possible spots next to a first marker has the same 
vertical coordinate as the top of that first marker, the lines through the centers of rows are determined by 

10 first measuring the distance from the top of that first marker to the next marker displaced vertically and 
dividing that measurement by the number of known rows of cells between each marker and the next marker 
displaced vertically. The result of this division is multiplied by the number of rows that a row is down from 
the first row next to the first marker. That product is then added to the sum of one half the spot height plus 
the vertical coordinate of the top of the first marker. If the assumption that the top of the first row of possible 

15 spots has the same vertical coordinate as the top the first marker is invalid, appropriate adjustments are made 
for each row by adding the distance between the top of the first marker and the top of the first row of possible 
spots. 

Lines through the centers of the leftmost and rightmost columns are preferably determined by visual 
inspection - through mechanical means locating the vertical centers of the top and bottom spots in each of 

20 those columns and drawing, physically or conceptually, a line through those spot centers. The lines through 
the centers of columns in between the first and last columns are determined by measuring the distance 
between the lines through the centers of the first column of possible spots and the last column of possible 
spots, dividing that distance by the result derived by subtracting one from the known number of columns 
between markers, and multiplying that product by the number of columns that each column is horizontally 

25 displaced from the first column. The product from that multiplication indicates the distance that the line 
through the center of each column is horizontally displaced from the center of the first column of possible 
spots. This system of determining column centers more accurately accounts for printing distortions. 

Determinations of the numbers of rows and columns known to exist between markers can be made 
either through visual inspection by mechanical means or, preferably, by first decoding information conveyed 

30 by the metasector. 

The visual inspection embodiment as described in general above can be understood more 
particularly as following a series of steps applied for each grouping of cells between markers. The steps 
below are applied to a datatile where a known number of rows exists between the top of each marker and the 
top of the next marker displaced vertically, and where a known number of columns exists between the left 
35 side of each marker and the left side of the next marker displaced horizontally, this knowledge being best 
conveyed by the metasector. 

1. Locate a first marker bordering a first grouping of contiguous cells. 

2. Determine the vertical coordinate of the top of the first marker. 

3. Locate a second marker being the nearest marker displaced vertically from the first marker. 
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4. Measure the distance from the top of the first marker to the top of the first row of spots. 

5. Locate a third marker being the nearest marker displaced horizontally from the first marker. 

6. Determine the height of each spot. This knowledge may also be conveyed by the metasector. 

7. Determine the lines through the centers of each of the rows of cells by measuring the distance 
5 from the top of the first marker to the top of the second marker, dividing that distance by the 

number of rows of cells known to exist between markers, and for each of the known number of rows, 
adding to the vertical coordinate of the top of the first marker the sum of one-half the height of each 
spot plus the distance from the top of the first marker to the top of the spots in the first row, plus, for 
each row of cells, the product from multiplying the result of the division by the number of rows that 
1 0 that row of cells is vertically displaced from the first row of cells. 

8. Determine the lines through the centers of each of the columns of cells by determining the lines 
through the centers of the rightmost and leftmost columns of cells located between the first marker 
and the third markers, determining the horizontal coordinate of the line through the center of the 
leftmost column of cells, determining the distance between the lines through the centers of the 

1 5 rightmost and leftmost columns of cells between the first marker and the third marker, dividing that 

distance by the result derived by subtracting one from the number of columns known to exist 
between markers, and, for each column, multiplying the result of that division by the number of 
columns that the column is horizontally displaced from the leftmost column, and adding that 
product to the horizontal coordinate of the line through the center of the leftmost column of cells. 
20 9 For each cell, determine the location of the cell as being the intersection of the lines through the 

centers of the cell's corresponding row and column. 
Thus, the location of each cell located between each set of markers (a set of markers being three markers - a 
marker and the next marker displaced vertically and the next marker displaced horizontally) can be 
determined through the above steps. These steps would be applied for each set of markers in the datatiie. 
25 Having determined the locations of all cells, the method of decoding would then determine the contents of 
the cells to determine the series of digital data values. 

The above methodology can be applied to the enlarged portion of a digitally encoded substrate 
illustrated in FIG. 19. If, for example, the distance between the top of the first marker and the next marker 
displaced vertically equals 900 microns, that distance is divided by 3, the number of rows known to exist 
30 between markers, that number being known by virtue of being communicated in the metasector. The result, 
300 microns, is multiplied by the number of rows that each row is down from the first row next to the first 
marker - i.e., 0 for the first row, 300 microns for the second row, and 600 microns for the third row. If each 
spot is known to have a height of 200 microns, one-half of this height, i.e., 100 microns, is added to the 
products for each row to determine the distance that the lines through the centers of rows are from the top of 
35 the first marker. Accordingly, the line 1 908 through the center of the first row of possible spots is 100 
microns below the vertical coordinate for the top of the first marker. Line 1909 through the center of the 
second row of possible spots is 400 microns below the vertical coordinate of the top of the first marker. Line 
1911 through the center of the third row of possible spots is 700 microns below the vertical coordinate of the 
top of the first marker. 
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The embodiment then determines the lines through the centers of columns of possible spots. Visual 
inspection through mechanical means should determine the line 1910 through the center of the first column 
of possible spots and the line 1912 through the center of the last column of possible spots. If, for example, 
the distance between lines 1910 and 1912 equals 5,600 microns, that distance is divided by 14, the number of 
5 known columns between markers, 15, less one. The result of that division, 400 microns, is multiplied by the 
number of columns that each column is horizontally displaced from the first column of possible spots. 
Accordingly, lines through the centers of the first five columns of possible spots, for example, are 0, 400, 
800, 1,200, and 1,600 microns horizontally displaced from the line 1910 through the center of the first 
column of possible spots. 

10 Other embodiments of the method of decoding involving visual inspection determine the lines 

through the centers of possible rows and columns through other means. In one such embodiment, the centers 
are determined entirely by visual inspection - e.g., by visually observing through mechanical means patterns 
of spots, the location of each cell is possible and determination of the presence or absence of a spot is thereby 
possible without measuring distances. 

15 The process above for recovering data from a digitally encoded substrate, a portion of an example of 

which is illustrated in FIG. 19, assumes that cells have been formatted into horizontal rows and vertical 
columns and that the printing and scanning processes produced little or no skew. The recovery process of 
the preferred embodiment makes adjustments for diagonal formatting or unintended skew. The recovery 
process makes such adjustments by determining the lines through the centers of rows of possible spots and 

20 the centers of columns of possible spots where both such lines are diagonal or skewed, expressed as having 
both vertical and horizontal displacements. The method of determining relative distances in printer pixels is 
the same as though no skew existed. These ratios are then applied to displacements between markers that are 
both vertical and horizontal. The line through the center of a row of possible spots is a diagonal or skewed 
line parallel to a line between the centers of a first marker and the next marker displaced primarily 

25 horizontally, but partially vertically. The line through the center of a column of possible spots would be a 
diagonal or skewed line parallel to a line between the centers of a first marker and the next marker displaced 
primarily vertically, but partially horizontally. In the case where cells are at perfect 45 degree angles to each 
other, the recovery process treats series of cells as though occurring in rows and columns, where the lines 
through the centers of rows and columns have equal horizontal and vertical displacements. 

30 In a further embodiment, encryption and decryption may be integrated into the methods of encoding 

and decoding of the invention. FIG. 20 illustrates the method of encoding of this further embodiment. Note 
that in one embodiment of the method of encoding, this would occur after the compression of the digital data 
(processing block 2003). Note that each of the processing blocks in FIG. 20 are performed as their similarly 
named counterparts in FIG. 2, with the exception of encryption processing block 2004. 

35 In one embodiment, encryption is provided by exclusive-ORing the initial data with a pseudo- 

random sequence generated using a secret key as a seed. Note that in this case, the decryption process (as 
described below) is simply exciusive-ORing the data with the same pseudo-random sequence. Note that this 
type of encryption process is not a perfectly secure method of data encryption because of the short key length 
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used to seed pseudo-random sequences and the fact that the same key is likely to be used on more than one 
message. There are well-known methods to attack this type of encryption. 

In order to obtain secure data through encryption, a one time pad can be employed in place of the 
pseudo-random sequence. A one time pad comprises a series of randomly generated bits that are known to 
5 both parties (i.e., the "encrypting" party and the "decrypting" party) and is only used once in the encryption 
process. In a one time pad, the key length is equal to the message length and may be more than 100,000 bits. 
Since the one lime pad is used once, it is not susceptible to the same attacks which are used on pseudo- 
random sequences. 

In another embodiment, encryption processing could be performed using the digital encryption 
10 standard (DES) or the RSA algorithm In the RSA algorithm, digital data is encrypted using two prime 
numbers which are multiplied together, as is well-known in the art. It should be noted that any digital 
encryption method may be employed with the present invention. 

In the preferred embodiment, one method of encryption is used. In a further embodiment, the user 
can choose, as a further format parameter, from a variety of encryption methods. 

15 If encryption is integrated into the method of encoding, then decryption must be included in the 

method of decoding. One embodiment of the method of decoding of the present invention that includes 
decryption is shown in FIG. 21. Note that each of the processing blocks in FIG 21 are performed in the same 
manner as their similarly named counterparts in FIG. 16, with the exception of decryption processing block 
2 104. After error detection and correction, the data undergoes decryption (processing block 2 104). The 

20 decryption processing 2 104 is the inverse of the encryption applied in the method of encoding (FIG. 20). In 
one embodiment, the decryption process requires the use of the same key used during encryption. By using 
the same key, the original data is recreated. 

When the methods of encryption (and decryption) of the present invention are being integrated into 
the methods of encoding and decoding, the present invention also provides data information to be transferred 

25 using plain paper in a manner which preserves its privacy, authentication and/or limited accessibility. In the 
present invention, this privacy can easily be obtained through the use of a key or code known to the user(s) 
when encryption and decryption of a document occurs. Another useful application of the present invention is 
the authentication of a document. Specifically, the present invention could be used to authenticate signatures 
on paper documents or facsimile transmissions. A further use of the present invention is to limit access to a 

30 selected audience. Information could be widely published, as in, for example, newspapers or other mass 
media, with access limited to those designated to receive the secret key where such designation could occur 
before or after the encryption process. These keys could be distributed, for example, pursuant to 
subscriptions or some other method of raising revenue. 



METHODS OF TRANSMITTING DIGITAL DATA 
FIG. 22 is a block diagram illustrating a method of transmitting digital data. A data source 
provides computer files or other digital data. The method of transmitting digital data selects format 
parameters (step 2201) for the formatting 2202 of the computer files or other digital data. Formatting 2202 
formats the computer files or other digital data into a series of digital data values and formats that series of 
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digital data values into a series of cells where each cell contains at least one bit of information from that 
series of digital data values. Formatting 2202 is done in accordance with the format parameters selected in 
step 2201. In the preferred embodiment formatting 2202 includes defining a cell size (i.e., width and 
height), and a spot size (i.e., width and height), such sizes defined as pixels of the encoding device, whether 
5 a printer, a facsimile machine, a fax/modem using facsimile software, or some other encoding device. The 
dimensions of a cell in the preferred embodiment are at least as large as the corresponding dimensions of any 
spot that might occupy the cell. It should be understood that the details concerning the computer files or 
other digital data, selection of format parameters (step 2201), and formatting 2202* are generally the same as 
the method of encoding described and illustrated above, including as described by reference to FIG. 2. 

10 Formatted digital data is then distributed, step 2203. The manner of distribution may include any 

manner for the distribution of digital data in electronic or physical form. Embodiments of electronic 
distribution include facsimile, satellite transmission, telephonic transmission, cable transmission, and high 
speed line transmission (such as Tl or ISDN). Embodiments of physical distribution include postal delivery, 
hand delivery, courier or other contract delivery service as well as any other means for moving the digitally 

1 5 encoded substrate. In the case of physical distribution, the formatted digital data is first encoded onto a 
substrate, where the manner of producing the substrate is as described above, including as illustrated in and 
described by reference to FIG 2. 

Step 220 1 preferably selects format parameters optimal for the means of distribution used. Table 1 
(included at the end of this Description), provides values for format parameters for what are expected to be 

20 the most common methods of distribution utilizing personal computers for on both encoding and decoding. 

Transmission by facsimile machine typically requires larger spot and cell sizes than transmission by 
fax modem. Where the manner of distribution is more likely to introduce damage to the formatted digital 
data, format parameters should reflect larger spot and cell sizes than less damaging means of distribution. 
Distribution by printing and physical distribution may require larger or smaller spot and cell sizes than 

25 electronic distribution, depending on the printer/scanner combination, the electronic distribution method or 
other factors. Thus, the selection of format parameters allows flexibility to consider not only the manner of 
encoding and decoding but also the manner of distribution. 

Once the formatted digital data is distributed, the recipient decodes that formatted digital data, step 
2204. The details of the decoding are as described above in the method of decoding, including as illustrated 

30 in and described by reference to FIG. 16, 17, 18, and 19. In the case of physical distribution and in the case 
of fecsimile transmission to a facsimile machine, step 2204 of the preferred embodiment includes first 
scanning the digitally encoded substrate to produce an image which is then decoded. In the case of electronic 
distribution of the formatted digital data, step 2204 of the preferred embodiment does not require an initial 
scan because the digital data is already in electronic form. In any case, step 2204 of the preferred 

35 embodiment decodes the formatted digital data from an electronic image of that formatted digital data. A 
preferred embodiment of decoding step 2204 is that method described by reference to and illustrated in FIG. 
17, 18, and 19, and, where formatted digital data has been placed on a substrate, FIG. 16. The result derived 
from step 2204 is the original computer files or other digital data. 
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FIG. 23 illustrates in further detail the preferred embodiment of a method of transmitting digital 
data. The initial processes are similar to the steps illustrated in FIG. 22 and described above. The initial 
source of digital data is preferably computer files stored on the fixed disk drive of a personal computer, but 
could also be other sources of digital data such as a floppy disk, or another digitally encoded substrate. The 
5 computer files contemplated include data files not associated with any particular application software, data 
files associated with a particular application software, and executable files, i.e., files that perform functions 
once invoked. The method of transmitting digital data then provides for selection of format parameters, step 
2301, and formatting, step 2302, these steps being the same as those described as steps 2201 and 2202, 
above. 

10 The formatted digital data is then distributed (step 2303). The recipient of the digitally encoded 

substrate then subjects the digitally encoded substrate to decoding process 2304. Decoding process 2304, 
comparable to step 2204 discussed above, is as described in detail and illustrated above. 

The preferred embodiment of the method of transmitting digital data then determines (process step 
2305) whether the original digital data included a computer file designed to be run automatically following 
15 decoding. Whether a computer file is designed to be run automatically is a matter originally determined by 
the person creating the original file, quite possibly the person producing the formatted digital data. If it is an 
independently executable DOS/Windows® file (Windows is a product of Microsoft Corporation of Redmond, 
Washington), then it has a distinct file name extension, such as M .exe*\ Furthermore, the program will be 
automatically executed if a flag in the header portion of the first datasector is so set. In the preferred 

20 embodiment, the person producing the formatted digital data has the option to select setting of this flag. For 
example, the computer file may be communications software that activates the recipient computer's modem, 
places a telephone call to a pre-designatcd electronic bulletin board (or other remote computer such as a 
network server or Internet service provider), establishes a connection between the recipient's computer and 
the electronic bulletin board (or other remote computer), and downloads a further computer file from the 

25 electronic bulletin board (or other remote computer) to the recipient's computer. 

If process step 2305 determines that the original digital data includes a computer file designed to be 
run automatically, step 2306 commences execution of that computer file. Execution of the computer file may 
also follow or precede the storing on the recipient computer's fixed disk other computer files contained within 
the datatile, possibly including files available for the automatically executed file. It should be understood that 

30 an application launched automatically may be stored and operated solely on the recipient's computer, or may 
be an application all or part of which involves establishing communication with other computers. Thus, for 
example, the application launched automatically may be a communications program that activates the 
recipient computer's modem to telephone a remote computer and establish a connection with that remote 
computer, and then turn control over to the recipient of the datatile for further action. As a further example, 

35 a datatile contains both a computer file of a document and instructions to automatically print the document 
on the printer attached to the recipient's computer. Thus, the recipient gets a hardcopy printout of the 
underlying document through a minimum of effort. 

If, alternatively, the datatile does not include a computer file designed to be launched automatically, 
the method of transmitting digital data determines whether the datatile contains files associated with a 
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particular application (process step 2307). A file can be associated with a particular application when that 
file has been created by a particular application software or can be run by a particular application software. 
If the file is intended to be executed as input into an application, the appropriate application is also 
determined in Windows by the file name extension, along with standard mappings from extensions to 
5 applications (this mapping is stored in the win.ini file). For example, a file with the name "letter. wri" is 
typically assumed to be a Microsoft® Write document, as it ends with the extension *\wrT\ and that is 
usually mapped in win.ini to Microsoft Write. Similar to the process for automatically executing a file, if a 
file is intended to be launched as part of an application, a flag in the header portion of the first datasector is 
set, with the setting preferably being selected by the user. For example, a word processing software package 

10 is an application software that creates files containing documents. If that document file is associated with the 
word processing software and if the word processing software is pre-installed, choosing to open the document 
file actually launches the word processing software and then loads (i.e., opens within the word processing 
software for further processing) the document file. If the datatile contains a file associated with a particular 
application, and if the recipient's computer has that particular application software pre-installed, and if the 

15 recipient chooses to launch the application software (process step 2308) then step 2309 commences execution 
of the application software and loads the associated file contained in the datatile. Alternatively, the 
recipient's computer produces the original computer files or other digital data for purposes such as being 
stored on the recipient computer's fixed disk. 

FIG. 24 is a block diagram of a further embodiment of the method of transmitting digital data, one 

20 which includes facsimile transmission. The data source can be computer files or other digital data. It should 
be understood that the nature of computer files or other digital data is not limited in scope and can include 
any source described previously for other embodiments such as files that can be launched automatically or 
files associated with a particular application software that can be launched automatically . The method of 
decoding then provides for selection of format parameters, step 2401, and formatting, step 2402, these steps 

25 being the same as those described as steps 220 1 and 2202, above. 

The present embodiment, contemplating transmission of digital data by facsimile transmission, then 
determines in step 2403 whether the person transmitting digital data transmits by facsimile machine or, 
alternatively, by fax/modem connected to a computer. If the transmission is by fax/modem, the digital data 
as formatted in step 2402 is transmitted over a telephone line consistent with the method of transmitting any 

30 computer generated image by fax/modem. If, alternatively, the person transmitting digital data uses a fax 
machine, the digital data formatted in step 2402 is printed onto a substrate, step 2404. That digitally 
encoded substrate is then processed in step 2405 through a facsimile machine, the processing comprehending 
those same substeps exercised in any facsimile machine transmission: feeding the document, in this instance 
the digitally encoded substrate, into the facsimile machine, entering the telephone number and causing the 

35 facsimile machine to dial the inputted number. Whether by facsimile machine or through a fax/modem, the 
transmission sent over a telephone line is fundamentally the same - an image of a datatile one example of 
which is illustrated in FIG. 8. It should be noted, however, that minor differences might occur as a result of 
different format parameters. It should also be noted that a further embodiment comprehends, based on the 
sender's knowledge (or information available to the sender's computer), determined in advance or 
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determined contemporaneously, of the recipient's currently activated equipment, the possibility of direct 
transmission of digital data from modem to modem. In those instances where possible and advantageous, 
this further embodiment employs direct modem to modem transmission in order to achieve transmission 
speeds faster than by facsimile transmission through a fax/modem. The digital data sent pursuant to this 
5 further embodiment is either the formatted digital data or the original computer files or other digital data. 

The image of formatted digital data having been sent by facsimile transmission, process step 2406 of 
the present embodiment then determines, at the recipient's end, whether the recipient receives facsimile 
transmissions by facsimile machine or, alternatively, through a fax/modem connected to a computer If the 
recipient receives facsimile transmissions by fax machine, the formatted digital data as transmitted through 
10 the telephone line is printed by the facsimile machine, producing a digitally encoded substrate 2407. 
Digitally encoded substrate 2407 is then scanned, process step 2408, using a scanner connected to a 
computing device capable of producing an image in electronic form of the digitally encoded substrate 2407 
(the scanner used for this purpose may include the fax machine itself where the fax machine first receives a 
transmission and prints the substrate and the recipient then feeds the substrate back through the fax machine 
1 5 sending an image of the substrate to a computer through the computer's fax/modem). The image of the 
digital data, whether produced by facsimile machine and scanned into electronic form or instead received by 
fax/modem directly in electronic form, is decoded in step 2409, such decoding being as described and 
illustrated above, including the method illustrated in and described by reference to FIGS. 16, 17, 18, and 19. 
In the present embodiment the result of the decoding process 2409 is the reconstruction of the original 
20 computer files or other digital data. In further embodiments, the result is the automatic launching of 

executable files or the automatic launching of an application software with the transmitted file loaded within 
that application software, it being understood that the embodiment illustrated in FIG. 24 involves additional 
means of transmitting digital data that does not in any way limit what can be done with that digital data once 
decoded. 

25 In a further embodiment of a method of transmitting digital data incorporating the facsimile 

transmission in accordance with the method illustrated by FIG. 24, digital data is sent through a fax back 
system. In accordance with this embodiment, a person desiring to receive digital data telephones a number 
established by a person that desires to distribute the digital data. The person desiring to transmit digital data 
connects the telephone line to a fax/modem connected to a computer or other means capable of both receiving 

30 input from a touch tone telephone and then sending out a facsimile transmission. The person desiring to 
receive digital data, having established a telephone connection, inputs information by use of touch tone 
telephone signals, such information including, at a minimum, the facsimile number of the person desiring to 
receive digital data and, if a choice is available, the digital data desired. The computer or other means 
capable of both receiving touch tone telephone input and transmitting facsimile transmission, then telephones 

35 (without further human intervention) the facsimile telephone number of the person desiring to receive digital 
data and establishes a facsimile connection with the facsimile means of the person desiring digital data. 
Having established this facsimile connection, the computer or other means capable of both receiving touch 
tone telephone input and transmitting facsimile transmission, transmits an image of the formatted digital 
data in accordance with embodiments of the invention described previously. A similar embodiment employs 
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a fax-on-demand capability - the image of formatted digital data is transmitted by facsimile during the 
telephone call placed by the person desiring to receive digital data. 

In a further embodiment of the method of transmitting data, information recorded on a substrate 
includes digital data as well as human readable information where the digital data includes one or both of 
5 data needed to have the computer display appear the same or similar to the human readable information 
appearing on the substrate and data that causes information to appear on the computer display together with 
hyperlinks to further sources of information. FIG. 25 illustrates an example of a substrate and the process 
according to this embodiment. A paper substrate 2501 has printed upon it human readable text and graphics 
as well as encoded digital data. Paper substrate 2501 represents how the embodiment might be used for 

10 marketing purposes as in marketing flyers, advertising appearing in print media or other marketing 

materials. More particularly, the printed paper has three main components. First, at top, human readable 
text informs the reader of the purpose of the marketing material and the contents of the encoded digital data. 
Second, in the middle of paper substrate 2501, surrounded by a dashed line, an entry form prompts the reader 
for the information needed to enter a contest. Third, at the bottom, a datatile 2502 includes encoded digital 

15 data. 

The reader of paper substrate 2501 may then process (step 2503) the datatile, it being understood 
that the reader may also proceed to enter the contest by manually completing the entry form as printed 
without use of a computer and without processing 2503 of the datatile. Processing 2503 includes the substeps 
of scanning, decoding and running of the datatile, which substeps are as further described and illustrated 
20 above. 

Datatile 2502 in paper substrate 2501 would preferably include a computer file designed to be run 
automatically upon completion of the decoding process of the invention. The computer file could be 
composed using, for example, hypertext markup language (HTML). Datatile 2502, once scanned, produces 
an image 2504 on the computer display (e.g., 2504 represents a computer monitor with the image as the user 

25 would see it). Image 2504 has two primary components. First, image 2504 duplicates on the computer 

display the entry foim appearing on paper substrate 2501 . Datatile 2502 preferably contains or invokes word 
processing software allowing the reader to enter and edit through keyboard input the information needed to 
enter the contest. Second, image 2504 contains at its bottom a series of "icons", delineated areas of the 
display which, if the user selects by click of a mouse or otherwise, causes the computer to commence some 

30 further action. The datatile is encoded with digital data that includes means for navigating to the subsets of 
information indicated by each icon illustrated in image 2504. In the instance of image 2504, there are 4 
icons. The first, labeled "CONTEST RULES", will, when selected by the user, cause the computer to erase 
the current image on the display and in its stead produce an image of the contest rules. The second, labeled 
"ACME COMP. DEALERS", will, when selected by the user, cause the computer to erase the current image 

35 on the display and in its stead place an image of a list of Acme computer dealers on the display. The third, 
labeled "FAX ENTRY FORM", will, when selected by the user, cause the computer to activate its fax/modem 
and send a facsimile transmission of an image of the entry form appearing on the display, as altered by the 
user with keyboard input. The fourth, labeled "PRESIDENTS VIDEO CLIP", will, when selected by the 
user, cause the computer to erase the current image on the display and in its stead commence a video clip on 
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the display. Thus, FIG. 25 illustrates an embodiment including both automatic links to further sources of 
data and "reverse WYSIWYG" - i.e., instead of printing on paper the image appearing on a computer display 
(What You See Is What You Get), the image printed on paper appears on the computer's display. This 
feature is accomplished by virtue of the datatile being encoded with instructions such that displaying means 
5 will display an image comparable to the human readable information printed on substrate 250 1 . 

It should be understood that the digital data of each underlying icon application may derive from the 
datatile, from some other source including other digitally encoded substrates, remote computers connected 
telephonically by modem, compact disks, hard disk, floppy disk or from a combination of the datatile and 
another source. For example, referring back to FIG. 25, selecting "CONTEST RULES" may cause the 

10 computer to produce on its display a list of contest rules derived from the datatile while selecting 

"PRESIDENTS VIDEO CLIP" may cause the computer to access a video clip from a compact disk, or to 
instead search for and access the video clip from various alternative sources - for example, first determining 
whether the video clip exists on the computer's hard disk, looking next on a compact disk, then invoking 
telephonic communication with an online service, bulletin board, an internal or external network or the 

15 Internet, accessing the video clip from the first available source. In one embodiment, uniform resource 
locators (URLs) are used in the instructions directing the computer to access digital data. 

It should be further understood that because the invention acts as a channel for digital 
communication the ability to link the printed page to the electronic world can be accomplished in any 
manner in which instructions can be digitized. Thus, while FIG. 25 illustrates the use of icons, automatic 

20 links to further data sources can also occur through hypertext - i.e., specially formatted text which when 
selected by the click of a mouse button causes a jump to some further source of data. Also, HTML is just one 
method known to those skilled in programming for accomplishing the linking of paper to the electronic 
world Other methods include the object linking and embedding ("OLE") facility of Windows® Version 3. 1 
produced by Microsoft Corporation of Redmond, Washington and the facility of Microsoft Plus® for 

25 Windows 95<3> to place an icon in a document which, when selected by click of a mouse button, automatically 
activates the host computer's modem and Internet access software, calls and establishes contact with the host 
computer's Internet access provider, and navigates to the URL specified for the icon (i.e., the URL specified 
by the person creating the icon for the document). 

The linking of paper with the electronic world is preferably accomplished using the methods of 

30 encoding and decoding described above. These methods of encoding and decoding make the linking feasible 
due to many of the unique and advantageous features including the density of data possible and the wide 
range of acceptable printers and. more importantly, acceptable off-the-shelf scanning devices. 

It should be further understood that while the invention serves as a link between paper and the 
electronic world, the electronic connection can also be just a digital path to an analog source. For example, 

35 the digital data can include a way of navigating, a priori, through a voice mail system where the digital data 
includes a company's main telephone number, a directory of employees of a company, the particular 
telephone extensions for each of those employees and computer instructions to activate a calling device (such 
as a modem) place a telephone call to the company's main number and navigate through the company's 
voice mail system to the telephone of the employee selected by the user before the call is made. By decoding 
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the digital data, activating the program contained in the digital data, and making a selection of employee, the 
user can avoid the usual time consuming method of navigating a company's voice mail system. The method 
is especially advantageous for subsequent calls to the same company because the digital data would 
presumably be stored on hard disk after decoding. Thus, the digital data serves as a link between two analog 
5 sources * the user and the company employee. 
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SW Spot Width in pixels 

CH Cell Height in pixels 

CW Cell Width in pixels 

MH Marker Height in pixels 

MW Marker Width in pixels 

MTS Marker to Spot in pixels 



SPS Spots per Segment 

RPM Rows per Marker 

DS Data Segments 

DA Datasectors Across 

DD Datasectors Down 

flat/hand for flatbed or hanheld 

fax/sheetfed for sheetfed or fax machine as scanner 
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We claim: 

1. A method of encoding data on a substrate as digital data comprising: 

formatting the data into a series of digital data values wherein said series of digital data values are 
formatted into a pattern consisting of a plurality of spaces at least some of which have dimensions M pixels 
5 by N pixels wherein at least one bit in said series of digital data values are represented in each of said 

plurality of spaces where at least one logical state is expressed by the presence in the space of a spot of a spot 
size with dimensions X pixels by Y pixels and at least one other logical state is expressed by the absence of a 
spot with dimensions X pixels by Y pixels from the space and where at least one of M, N, X, and Y may be 
any of a plurality of sizes irrespective of at least one other of the dimensions M, N, X, and Y, and 
10 outputting said pattern onto at least one substrate, such that the data is represented in digitized form 

on said at least one substrate. 

2. The method of encoding data of claim 1 wherein said formatting formats said series of digital data values 
into said plurality of spaces wherein a plurality of bits in said series of digital data values are represented in 

1 5 each of said plurality of spaces where a plurality of logical states are expressed by a plurality of colors for a 
spot which the space may contain where each color represents a different logical state for said space. 

3. The method of encoding data of claim 2 wherein said plurality of colors consists of a plurality of shades of 
gray. 

20 

4. The method of encoding data of claim 1 wherein a plurality of space sizes are defined. 

5. The method of encoding data of claim 1 wherein a plurality of spot sizes are defined. 

25 6. The method of encoding data of claim 5 with at least one plurality of spot sizes and at least one space size 
and where all spaces of said at least one space size may contain a spot of a spot size from one of said at least 
one plurality of spot sizes, and wherein said series of digital data values are formatted into a plurality of 
spaces of the space size wherein each space represents a plurality of bits in said series of digital data values 
where one logical state is expressed by the absence of a spot from the space and where further logical states 

30 are represented by the presence of spots of the various spot sizes in the space where a spot of each spot size 
in the space represents a further logical state. 

7. The method of encoding data of claim 5 wherein at least one bit in said series of digital data values is 
represented in each of said plurality of spaces where one logical state is expressed by the presence of a spot of 

35 one spot size and at least one other logical state is expressed by the presence of a spot with a size different 
from a spot expressing the first logical state. 

8. The method of encoding data of claim 1 with at least one plurality of spot sizes and at least one space size 
and where all spaces of a particular size may contain a spot of a spot size from one of said at least one 
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plurality of spot sizes, and wherein said series of digital data values are formatted into a plurality of spaces of 
said particular size wherein each space represents a plurality of bits in said series of digital data values where 
one logical state is expressed by the absence of a spot from the space and where further logical states are 
represented by the presence of spots of various spot sizes and colors in the space where a distinct logical state 
5 is represented by a spot of each combination of color and size. 

9. The method of encoding data of claim 1 wherein said series of digital data values are formatted into at 
least one grouping of contiguous cells placed at a predefined location relative to a landmark, whereby the 
location of said at least one grouping of contiguous cells can be determined by reference to the location of 
10 said landmark and where the spaces of said at least one grouping of contiguous spaces are formatted into a 
plurality of contiguous rows and a plurality of contiguous columns and where at least one series of markers 
borders said at least one grouping of contiguous spaces on at least one side, whereby the location of the rows 
or columns of spaces can be determined by reference to the markers. 

15 10. The method of encoding data of claim 9 wherein said series of digital data values are formatted into a 
pattern with a plurality of groupings of contiguous spaces. 

11. A system of encoding data on a substrate as digital data comprising 

selecting means for selecting at least one value for at least one format parameter from a plurality of 

20 values for the parameter, 

formatting means coupled to the selecting means for formatting the data into a series of digital data 
values wherein the series of digital data values are formatted into a plurality of cells at least some of which 
have a cell size with dimensions M pixels wide by N pixels high where if a value has been selected for a 
format parameter determining the width of a cell then M is defined as equaling the value so selected, and 

25 where if a value has been selected for a format parameter determining the height of the cell then N is defined 
as equaling the value so selected, wherein each cell represents at least one bit in the series of digital data 
values where at least one logical state is expressed by the presence of a spot with a spot size with dimensions 
X pixels wide by Y pixels high, where if a value has been selected for a format parameter determining the 
width of a spot then X is defined as equaling the value so selected and where if a value has been selected for 

30 a format parameter determining the height of a spot then Y is defined as equaling the value so selected and at 
least one other logical state is expressed by the absence of a spot of said spot size in the ceil and wherein said 
formatting is done in accordance with such other values for format parameters as have been selected, and 

outputting means coupled to the formatting means for outputting said plurality of cells onto at least 
one substrate, such that the data is represented in digitized form onto said at least one substrate. 

35 

12. The system of encoding data of claim 1 1 where the selecting means selects values from pluralities of 
values for at least one format parameter determining at least one dimension of at least one cell size, for at 
least one format parameter determining at least one dimension of at least one spot size, and for at least one 
format parameter selected from the group consisting of the width of at least one marker, the height of at least 
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one marker, the distance of markers from cells and the distance of markers from each other, and where the 
formatting means formats said series of digital data values into said plurality of cells with at least one 
grouping of contiguous ceils where said at least one grouping of contiguous ceils are formatted into a 
plurality of contiguous rows and a plurality of contiguous columns and where at least one series of markers 
borders said at least one grouping of contiguous cells on at least one side, and where said formatting is done 
in accordance with the values selected. 



13. The system of encoding data of claim 1 1 where the selecting means consists of inputting means for 
inputting said at least one value for said at least one format parameter from a plurality of values whereby the 
10 user is provided the ability to alter the manner in which the series of digital data values becomes formatted 
into said plurality of cells. 



14. The system of encoding data of claim 1 1 where the selecting means selects said at least one value for said 
at least one format parameter from information available without user input. 

15 

15. The system of encoding data of claim 1 1 where the selecting means includes inputting means for 
inputting information where the selecting means selects said at least one value for said at least one format 
parameter from a plurality of values based at least in part on the information inputted from the inputting 
means. 

20 

16. The system of encoding data of claim 11 where the selecting means includes inputting means for 
inputting said at least one value for said at least one format parameter from a plurality of values and where 
the selecting means selects values for any remaining format parameters first from available information and 
then based on default values. 

25 

17. The system of encoding data of claim 16 where, 

the selecting means includes inputting means for inputting values for format parameters 
establishing said dimensions M pixels wide by N pixels high for said at least one cell size, for format 
parameters establishing said dimensions X pixels wide by Y pixels high for said at least one spot size, for 

30 format parameters establishing the dimensions of at least one marker size, the distance of markers from cells, 
the distance of markers from each other, the type of printer utilized by said encoding means for encoding said 
plurality of cells onto said at least one substrate, the number of datasectors across, where a datasector is the 
smallest grouping of cells capable of delivering a complete message after applying error detection and 
correction, the number of datasectors down, the number of segments across, where a segment represents a 

35 row of cells between two columns of markers, and the number of spots per segment, and where, 

the formatting means formats said series of digital data values into said plurality of cells with at 
least one grouping of contiguous cells where said at least one grouping of contiguous cells are formatted into 
a plurality of contiguous rows and a plurality of contiguous columns and where two columns of markers 
border said at least one grouping of contiguous cells on two sides, where the markers are formatted according 
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to the format parameters selected that establish the dimensions of at least one marker size, the distance of 
markers from cells, the distance of markers from each other, and where all such groupings of contiguous 
cells form a main body of data and where the formatting means further formats said plurality of cells into the 
number of datasectors determined by the format parameters establishing the number of datasectors down and 
5 the number of datasectors across where each datasector consists of at least one segment down and at least one 
segment across with the number of segments across determined by the format parameter establishing the 
number of segments across, and where each segment consists of a plurality of cells across with the number of 
cells across determined by the format parameter establishing the number of spots per segment, and where the 
formatting means formats adjacent to said at least one grouping of contiguous cells a metasector consisting of 
10 a plurality of cells wherein each cell of said metasector represents at least one bit in a series of bits 
representing the digital data values expressing the values selected for the format parameters whereby 
information contained in said metasector can be used to decode the data contained in the at least one 
grouping of contiguous cells. 



15 18. The system of encoding data of claim 1 1 where the dimensions M and N define a nonrectangular shape 
and where the formatting means formats at least one plurality of cells into said nonrectangular shape of 
dimensions M and N. 



19. The system of encoding data of claim 1 1 where the dimensions X and Y define a nonrectangular shape 
and where the formatting means formats at least one plurality of spots into said nonrectangular shape of 
dimensions X and Y. 



20. A method of decoding digital data values formatted into a pattern comprising the steps of: 

determining the locations of cells in a first grouping of contiguous cells where the grouping of 
25 contiguous cells contains digital data indicating information concerning the formatting of a plurality of the 

remaining cells in said pattern, 

deriving from said first grouping of contiguous cells said information concerning the formatting of a 

pattern of a plurality of the remaining ceils in said pattern, where the deriving comprises extracting digital 

data from each cell wherein each cell contains at least one bit of data where one logical state is expressed by 
30 the presence in the cell of a spot with one set of attributes and at least one other logical state is expressed by 

the absence from the cell of a spot with the same set of attributes as a spot the presence of which expresses 

the first logical state, 

determining the locations of said plurality of the remaining cells in said pattern, where said step of 
determining locations is performed by reference to and use of at least some of said information concerning 
35 the formatting of a plurality of the remaining cells in said pattern, 

deriving digital data values from said plurality of the remaining cells in said pattern where the 
deriving comprises extracting digital data from each cell wherein each cell contains at least one bit of data 
where one logical state is expressed by the presence of a spot with one set of attributes and at least one other 
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logical state is expressed by the absence from the cell of a spot with the same set of attributes as a spot the 
presence of which expresses the first logical state, whereby digital data is recovered from said pattern. 

2 1 . The method of decoding of claim 20 where the cells of said first grouping of contiguous cells are 

5 formatted into a plurality of contiguous rows and a plurality of contiguous columns and the cells of said 
plurality of the remaining cells in said pattern are formatted into a plurality of contiguous rows and a 
plurality of contiguous columns and where at least one series of markers borders on at least one side of said 
first grouping of contiguous cells and on at least one side of said plurality of the remaining cells in said 
pattern and where the steps of determining locations of cells in said pattern is performed by reference to and 
10 use of the markers. 

22. The method of decoding of claim 21 where all cells are formatted into groupings of contiguous cells and 
encoded onto a substrate and each grouping of contiguous cells is formatted into a plurality of contiguous 
rows and a plurality of contiguous columns, and where series of markers border each grouping of contiguous 

IS cells on at least two sides, and where a known number of rows exists between the top of each marker and the 
top of the next marker displaced vertically, and where a known number of columns exists between the left 
side of each marker and the left side of the next marker displaced horizontally, and where determining 
locations of cells on the digitally encoded substrate is performed by reference to and use of said series of 
markers comprising the steps, applied for each grouping of cells between markers, of: 

20 locating a first marker bordering a first grouping of contiguous cells, 

determining the vertical coordinate of the top of said first marker, 

locating a second marker being the nearest marker displaced vertically from said first marker, 
determining the distance from the top of said first marker to the top of the first row of spots, 
locating a third marker being the nearest marker displaced horizontally from said first marker, 
25 determining the height of each spot, 

determining the tines through the centers of each of the rows of cells by determining the distance 
from the top of said first marker to the top of said second marker, dividing that distance by the number of 
rows of cells known to exist between markers, and for each of the known number of rows, adding to said 
vertical coordinate of the top of said first marker the sum of one-half the height of each spot plus the distance 
30 from the top of said first marker to the top of the spots in the first row, plus, for each row of ceils, the 

product from multiplying the result of the division by the number of rows said each row of cells is vertically 
displaced from the first row of cells, 

determining the lines through the centers of each of the columns of cells by determining the lines 
through the centers of the rightmost and leftmost columns of cells located between said first marker and said 
35 third markers, determining the horizontal coordinate of the line through the center of the leftmost column of 
cells, determining the distance between the lines through the centers of the rightmost and leftmost columns 
of cells between said first marker and said third marker, dividing that distance by the result derived by 
subtracting one from the number of columns known to exist between markers, and, for each column, 
multiplying the result of that division by the number of columns that said each column is horizontally 
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displaced from the leftmost column, and adding that product to the horizontal coordinate of the line through 
the center of the leftmost column of cells, and 

for each cell, determining the location of the cell to be the intersection of the lines through the 
centers of the cell's corresponding row and column. 

23 . The method of decoding of claim 2 1 where all cells arc formatted into groupings of contiguous cells and 
encoded onto a substrate and where each grouping of contiguous cells is formatted into a plurality of 
contiguous rows and a plurality of contiguous columns, and where series of markers border said each 
grouping of contiguous cells on at least two sides, and where, 
for said each grouping of contiguous cells, 

a known number of printer pixels separates the markers from the edges of possible spots, 
a known number of rows exists between the top of each marker and the top of the next 
marker displaced vertically, 

a known number of columns exists between the right side of each marker and the left side 
of the next marker displaced horizontally, 

each cell has the same height and width, 
each spot has the same height and width, 

the vertical printer pixel coordinates for the top of a marker and the top of the spots in the 
nearest row are equal, 

and where said first grouping of contiguous cells contains information concerning the encoding of 
the remaining cells on the digitally encoded substrate where the information includes, 
the marker, spot, and cell widths and heights measured in printer pixels, 
the value of the known number of printer pixels that horizontally separates the markers 
from the edges of possible spots in the nearest columns, 
the value of said known number of rows, 
the value of said known number of columns, 
and where the method of decoding further comprises creating an image of the digitally encoded 
substrate where the various parts of said image can be measured in image pixels and the locations of 
the various parts can be referenced by horizontal and vertical image pixel coordinates, and where 
the steps of locating cells on the digitally encoded substrate, applied for each grouping of contiguous 
cells located between markers, comprise: 

locating a first marker bordering a first grouping of contiguous cells, 
determining the image pixel coordinates of the center of said first marker, 
determining the image pixel coordinates of the top of said first marker, 
locating a second marker being the nearest marker displaced vertically from said first 

marker, 

determining the image pixel coordinates of the center of said second marker, 
locating a third marker being the nearest marker displaced horizontally from said 
said first marker, 
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determining the line through the center of each of the rows of cells between said first 
marker and said second marker by: 

determining the distance in image pixels from the center of said first marker to the 
center of said second marker, 

determining the printer pixels vertically separating the centers of said first marker 
and said second marker by multiplying the value for the known number of rows by the 
printer pixel celt height, 

determining for each of the known number of rows the printer pixel vertical 
distance from the center of said first marker to the line through the center of the row by 
subtracting one-half of the printer pixel marker height from the sum of one-half the printer 
pixel spot height plus the product derived from multiplying the printer pixel cell height by 
the number of rows that the row is displaced from the top row between said first marker 
and said second marker, 

determining for each of said known number of rows a ratio of printer pixels that 
the line through the center of that row is vertically displaced from the center of said first 
marker to said printer pixels vertically separating the centers of said first marker and said 
second marker, 

for each row, adding to the vertical image pixel coordinate of the center of said 
first marker the product from multiplying the distance in image pixels from the center of 
said first marker to the center of said second marker by said ratio of printer pixels that the 
line through the center of that row is vertically displaced from the center of said first 
marker to said printer pixels vertically separating the centers of said first marker and said 
second marker, 

determining the lines through the centers of each of the columns of cells by 

determining the distance in image pixels from the center of said first marker to the 
center of said third marker, 

determining the printer pixels horizontally separating the centers of said first 
marker and said third marker by determining the sum of the printer pixel marker width, 
plus the known printer pixel distance horizontally separating said first marker and the 
nearest edges of possible spots in the nearest column to the right of said first column, plus 
the printer pixel spot width, plus the product derived from multiplying the cell width by the 
result derived from reducing by one said value for said known number of columns, plus the 
known printer pixel distance horizontally separating said third marker and the nearest 
edges of possible spots in the nearest column to the left of said third marker, 

determining for each of the known number of columns the primer pixel horizontal 
distance from the center of said first marker to the line through the center of the column by 
determining the sum of half the printer pixel marker width, plus the known printer pixel 
distance horizontally separating said first marker and the nearest edges of possible spots in 
the nearest column to the right of said first marker, plus half the printer pixel spot width, 
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plus the product derived from multiplying the printer pixel cell width by the number of 
columns that the column is horizontally displaced from the nearest column to the right of 
said first marker, 

determining for each of said known number of columns a ratio of printer pixels 
5 that the line through the center of that column is horizontally displaced from the center of 

said first marker to said printer pixels horizontally separating the centers of said first 
marker and said third marker, 

for each column, adding to the horizontal image pixel coordinate of the center of 
said first marker the product from multiplying the distance in image pixels from the center 
10 of said first marker to the center of said third marker by said ratio of printer pixels that the 

line through the center of that column is horizontally displaced from the center of said first 
marker to said printer pixels horizontally separating the centers of said first marker and 
said third marker, and 

for each cell, determining the location of the cell to be the intersection of the lines through 
15 the center of the cell's corresponding row and column, 

24. The method of decoding of claim 20 wherein said pattern is encoded on a substrate and where said 
substrate further comprises a landmark and wherein the steps of the method of decoding further comprise an 
initial step of locating said landmark and wherein the step of determining the locations of said first grouping 

20 of contiguous cells is performed by reference to the location of said landmark. 

25. The method of decoding of claim 20 wherein said digital data values are encoded onto a plurality of 
substrates and wherein said method of decoding further comprises a step of locating each of the groupings of 
ceils on each of said plurality of substrates wherein the steps of determining the locations of cells and 

25 deriving digital data values are then applied to each of the groupings of cells on each of said plurality of 
substrates. 

26. The method of decoding of claim 25 further comprising creating a series of images of the groupings of 
cells from said plurality of digitally encoded substrates wherein the steps of determining the locations of cells 

30 and deriving digital data values are then applied to each of the series of images of said plurality of digitally 
encoded substrates. 

27. A data structure for a datable stored on a computer usable substrate, the datatile being used by a program 
operating on a computer system to decode a series of digital data values, the data structure comprising: 

35 a first series of cells and corresponding spots representing the digital data values, the digital data 

values being represented by the presence or absence in each of the ceils of corresponding spots having 
predetermined attributes and, 

a second series of cells and corresponding spots representing digital information from which at least 
the predetermined attributes of the spots in the first series of cells may be determined. 
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28. The data structure of claim 27 wherein each cell represents a plurality of digital data values, each digital 
data value represented by one of a plurality of spots having different predetermined attributes. 

5 29. A method of encoding data into a pattern as digital data comprising: 

formatting the data into a series of digital data values formatted into a plurality of spaces with at 
least one grouping of spaces further formatted into a plurality of subgroupings of contiguous spaces each 
formatted into a plurality of rows and a plurality of columns where each subgrouping is bordered on at least 
one side by a series of markers used as guideposts in determining the locations of the spaces, and where at 
10 least one bit in said series of digital data values is represented in each of said plurality of spaces where at 
least one logical state is expressed by the presence in the space of a spot of a particular spot size and at least 
one other logical state is expressed by the absence of a spot with said particular spot size from the space. 

30. A method of transmitting data as digital data comprising 

15 selecting at least one value for at least one format parameter from a plurality of values for the 

parameter, 

formatting the data into a series of digital data values wherein the series of digital data values are 
formatted into a plurality of cells at least some of which are of a cell size with dimensions M pixels wide by 
N pixels high where if a value has been selected for a format parameter determining the width of a cell then 

20 M equals the value so selected, and where if a value has been selected for a format parameter determining the 
height of the cell then N equals the value so selected and wherein each cell represents at least one bit in said 
series of digital data values where at least one logical state is expressed by the absence from the cell of a spot 
of spot size with dimensions X pixels wide by Y pixels high in the cell and at least one other logical state is 
expressed by the presence of a spot in the cell of a spot size with dimensions X pixels wide by Y pixels high, 

25 where if a value has been selected for a format parameter determining the width of a spot then X equals the 
value so selected, and where if a value has been selected for a format parameter determining the height of a 
spot then Y equals the value so selected, and wherein said formatting is done in accordance with such other 
values of format parameters as have been selected, 
distributing the formatted digital data, and 

30 decoding the formatted digital data received such that the original data is reconstructed by the 

decoding means. 

3 1 . The method of transmitting data of claim 30 wherein said distributing consists of facsimile transmission. 

35 32. The method of transmitting data of claim 30 wherein the digitally encoded substrate is further encoded 
with human readable information and where said digital data includes a digital representation of said human 
readable information and where said method of transmitting data further comprises displaying an image of 
said human readable information. 
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33. The method of transmitting data of claim 30 wherein said formatted digital data comprises a computer 
file designed to be run automatically upon completion of the decoding and wherein the method of 
transmitting data further comprises commencing execution of said computer file. 

5 34. The method of transmitting data of claim 30 wherein said formatted digital data comprises a computer 
file associated with a particular application software and wherein the method of transmitting data further 
comprises launching said particular application software where said launching includes loading of said 
computer file within said particular application software whereby the computer decoding said formatted 
digital data presents upon decoding immediate access to said computer file for viewing and further 
10 manipulation. 

35. A method of accessing data comprising: 

producing digital instructions for accessing data, 

formatting into a pattern the series of digital data values representing said digital instructions for 
15 accessing data, 

distributing the pattern of formatted digital data, 
decoding the pattern of formatted digital data, and 

activating the digital instructions for accessing data, whereby the data is accessed. 

20 36. The method of accessing data of claim 35 wherein said digital instructions for accessing data consists of 
hyperlinks to information extraneous to said formatted digital data. 

37. A computer usable medium having computer readable program code means embodied in said medium 
for causing said computer to perform method steps for decoding digital data values formatted in at least one 
pattern, the at least one pattern comprising a series of cells and spots, each spot corresponding to at least one cell, 
the method steps comprising: 

determining the locations of at least a first and a second group of cells in the pattern; 
deriving from the first group of cells information from which at least the format of the cells and 
spots in the second group of cells may be determined; and 

deriving the digital data values from the second group of cells using the format information. 

38. The computer usable medium of claim 37 wherein the step performed by the computer of determining 
the locations of the first and second groups of cells further comprises locating a landmark from which the 
location of the first group may be determined and deriving information from the first group of cells from 

35 which the location of the second group may be determined. 

39. A method of activating any of a plurality of functionalities capable of being activated by digital 
instructions comprising the steps of: 

producing digital instructions for activating at least one of said plurality of functionalities, 
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formatting into a pattern the scries of digital data values representing said digital instructions, 
decoding the pattern of formatted digital data values, and 

activating said digital instructions, whereby said at least one of said plurality of functionalities is 
activated. 

5 

40. The method of activating any of a plurality of functionalities of claim 39 further comprising the step of 
providing human readable information which relates to the pattern of formatted digital data values. 

41. The method of activating any of a plurality of functionalities of claim 40 where the human readable 
10 information includes a description of at least one functionality being activated. 

42. The method of activating any of a plurality of functionalities of claim 40 where the human readable 
information includes a description of the steps to be taken to decode the pattern of digital data values. 
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